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[0005] The trend of decreasing feature size is evident, for example, in memory
circuits or devices such as dynamic random access memories (DRAMs), flash memory,
static random access memories (SRAMs), ferroelectric (FE) memories, etc. To take one
example, DRAM typically comprises millions of identical circuit elements, known as
memory cells. In its most general form, a memory cell typically consists of two electrical
devices: a storage capacitor and an access field effect transistor. Each memory cell is an
addressable location that can store one bit (binary digit) of data. A bit can be written to a

cell through the transistor and can be read by sensing charge in the capacitor. By



on a given area in the nenory devices. [0006] The
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are then formed on the sides of the mandrels 40. The spacer formation is accomplished
by preferentially etching the spacer material from the horizontal surfaces 70 and 80 in a
directional spacer etch, as shown in Figure 1E. The remaining mandrels 40 are then

removed, leaving behind only the spacers 60, which together act as a mask for patterning,
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t he spaces defined by, e.g., the spacers 60. As a
result, the smallest feature size possible with a
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methods form patterns using different masks at different locations on a substrate, they are
limited in their ability to form features that require overlapping patterns, such as when a
landing pad overlaps an interconnect line. As a result, yet a third mask may be necessary

to “stitch” two separate patterns of features together. Undesirably, such a third mask
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chal l enges in aligning a mask with both the fine
features defined by the pitch nmultiplication technique
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mat $001d] . Thecopding év andtkertanesst of tdresniian 4 gothed is provided for
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overlying primary mask layer. A hard mask layer formed of a first material overlies the
primary mask layer, a hard mask layer formed of a second material overlies the hard mask
layer formed of the first material, and a pattern comprising pitch-multiplied spacers
overlies the hard mask layer comprising the second material. The pattern is transferred to
the hard mask layer comprising the second material. The pattern is subsequently
iransferred to the hard mask layer formed of the first material. The pattern is then

transferred to the primary mask layer.



for sem conductor fabrication. The nethod conprises

formng a first pattern by pitch nultiplication and
weoeepwriai@sy defining a second pattern using PCT/US2006/007739

phot ol i t hography wi thout pitch multiplication. The

first and second patterns are sinultaneously
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Brief Description of the Drawings

[0019] The invention will be better understood from the Detailed Description
of the Preferred Embodiments and from the appended drawings, which are meant to

illustrate and not to limit the invention, and wherein:



[0021] Figure 2Ais a schematic top plan view of a

partially fornmed integrated circuit, in accordance
woizvds/pr@ferred enbodi ments of the invention; PODARR006/007739

Fi gures 2B-2C are schematic cross-sectional side views

of the partially formed integrated circuit of Figure

2A, [062WccoFigares d Ani F hrepachéreatiop drossrbeationainide dbwé bfa sequence

i nvention: [002 Figures 3A and 3B are schenatic . )
of d?%f@glgs@é‘ier%n@r éﬂ?r&eg SARAUCHe bings, 1piasqpsdeicerWih a prior art pitch
doBslidd @bthygf ormed integrated circuit of Figure 2 after

formng lines in a photoresist layer in the array

r egil0021df t Figuiertde graatobemetic pipian view afaquetiydomnddhintegrated
.pref.erred, enbodj nents of the inveption; [0024] Figures
cnglﬂ?’é’haccﬂ?glaé‘f’%wgbIl?é#ﬁl?‘?dgen@?og]%?@géef ‘ﬁ‘@ﬁ‘é‘fﬁn PHe and top

Pl anoyigws Bulel OBPAT hiclbhdmdtRr 5L d jeflsoF thd parti

of Ei guzﬁes S%Uand 3B alfeter Wi eﬁ?%gée@%@%&?ﬁ%&e&géfg%e partially
forinjedeigtegratadnaroptiotf Figse 84, imgeeprdance with prafanakembddiments of the

. rFfe.rred enbodi nents of the invention; [0025] Figure
MENHAL S schemat | Cc, cross-sectional side view of the

par tip@d3]y fl@%{ﬁ%ﬁj IANLEGRR ed &PEI?H%% rcg;ss-gécgiﬂfxﬁssi&éa‘aﬁ'@ qu plan

4B after etching through a fi mask [ayer, 1n

viestscof thenpatinily Horpredf mtagedded nirodi wf tiguref2 tafter forming lines in a
invention:. [0026] Figure 6 is a schematic, )

PPt LR gy HeRiod o Teefus b ARt aln fropumsegvit proferred

embbdiadhat FdhEink6atidn; Of Figure 5 after transferring a
pattern fromthe hard nmask |layer to a tenporary |ayer,

i n d0@dH dantigues A pndi8r aredscherbatiti mmisg-seotibndlhede and top plan

BB R RS SEBETEL B et o i
spdcBd Bevabiefinéd mCiHé bh&%re%isﬂl%\?]@r, & &dcbRfan8e RahDORTE Eﬁ%ﬁgﬁiments

renmoval , in accordance with preferred enbodi nents o
of thgdnyentiemt i on; [0028] Figure 8 is a schematic,

crosssysectional si.de view of the partially forme )

i nt i%oréf ed I@%‘Fé u?‘stIS Jf S‘%‘F 8%_ Fosy e@rw%eip%iq 151 © the partially
forhY¥ ahteffated SRAREIT 8¢ Ual and 1B AGEOLLRRAE echf'Mugﬁ‘ a_first hard mask

preferred enbodi nents of the invention; [0029] Figures

laygiinpgrgoniBnes witk predvead embodinoeds efgbe itoratiorsi de and t op

I am,Micews of the.partially forned j.ntegrated circuit

of R e g RpPeY 1 b shemptier gRsSTertioRal ciduiien: i the partally
forplefiesretd enbed bhepuse S’Eft&rhﬁanisﬁi/ﬁrlfgt 4 Phtiert 8030 ’I_i'a%}&{ﬁsk layer

10 is a schematic, cross-sectional side view of the
1o HgFPOEATY {aYelo ithsgotdanesg idh pgfariedcuibodivhen ofithe ivekiamd

98@6 r Vi .a remaini.ng portion of .thetenmparary .
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forinediiftegrafed tct@uit Bf BRuAL € 8fté 4 Kt Inask TayRE FHMARN 6L a¥¥otdince with
preferred enbodi nents of the invention;

preferred embodiments of the invention;

[0028] Figure 8 is a schematic, cross-sectional side view of the partiaily
formed integrated circuit of Figure 7 after depositing a layer of a spacer material, in
accordance with preferred embodiments of the invention;

[0029] Figures 9A and 9B are schematic, cross-sectional side and top plan
views of the partially formed integrated circuit of Figure 8 after a spacer etch, in
accordance with preferred embodiments of the invention;

[0030] Figure 10 is a schematic, cross-sectional side view of the partially

formed integrated circuit of Figures 9A and 9B after removing a remaining portion of the
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[0031] Figure 11 is a schematic, cross-sectional side

view of the partially fornmed integrated circuit of
woionerie1chd after surroundi ng the spacers w th RBCT/US2006/007739

renovabl e pl anarizing material and formng a

phot oresi st | ayer over the spacers, in accordance wth
terppehrlngd telvboda perds oﬁépabdfre il the enty oegjon] AFABRIntdgirged €rcuit, in

is a e .0SS- s ti.onal, side view of the

‘mﬁg??W8WF%" dgﬁg%er%? ?%? PRt f Figure 11 after

formpgdra PRELRT I i of ﬁelﬂgt% U ERLsaltidr@Y §lde! NelNEE the partially

perlphery of “the integrated éircuit, In acCordance
fommetdhmmgeaftﬁk Dﬂchltenf)ﬁﬁgume n0 saftef stin@midimgethtispacer§ 0GB33 removable

1 ure 1 zﬁ ZChenHtlf crosglsectlonal si de vi ew_of
plap 218"t e o SRR f Rbeigresislye $enfie Wroqesdi pecopgance with
praé&arexﬁraﬁaéar bi 48 b GpAt tern fromthe photoresist
| ayer to the planarizing material at the same |evel as
t h e [803d¢ er sFigire L ¢omdwhematid, tdiogsrsedtemnb didentiewi sfethiespartially

t.he invention;. [.0034] Fj re 14 is a sch ic, . i
f°18}6851§te§@&4 ot & %gurr. a5 & NG, & hefte 1§ i Phetdiesist layer in
thd perRAERL &Ghe '11'it€é‘z‘afedcbf1rcﬁ:'t giﬂra%cdlraarﬂ:fatvﬁlfh ?fe?emddgerﬁlgb%hme ts of the

pattern in the periphery and the spacet pattern int he

invgnfiery i nto an underIyr ng hard mask l[ayer, in
i d erbodi nents o

acc ce t eferr t he . .
i nvi‘m&sg 5%@5% B gui® erT%th’ §r%§s§8ﬁ%{ pide view of the partially
forﬁ{eﬁﬁﬁtegﬁ%d QRakt ¢t Elgurdi W R ‘[Itaﬁﬁelﬁlﬂlgtthééh erh QF IR %e photoresist

integrated circuit of Figure 14 af ormng
laypata élrmpbh@azrmgm@pertab at ginovamng keyeb htothwr gsices, anaccordance with

atter 4 terlal in accordance wth
P“J'S g“ﬁﬁ% leﬁ Ut he i nvent i on; [0036] Figure
16 '[@3& schapakl 14 i 'éos%ﬁerﬁﬁ?ct 'c%b%‘lse&io%gl Viae Wi & dIhl?x epartially

partially formed integrated Circuit of Figure 15
forgred Hniegratadecipraitt afr Figima IBhaftepetdhirpethy patieintinghs pedgirery and the

attern i.n the arr |nto oIhe nder | yi ng .hard nms
Spqogﬂl R o?rﬁaa'n it {laég ﬁ\}’ﬁlg rfflsaCGPrdlaﬁ%e with

prefEVeRINnAiméO T the 'ﬁh&ﬁﬁ&l 17 ' s a schematic,
cross-sectional side view of the partially forned

i nt €40B381 ed Weweulk iok Ehgpate, Teosafstaiontl aldsf\ecWIGfgthe partially

SN R N T N -
ph@6 e aiiCHtitich gﬂ)a“ Qﬁﬁhg Acht@HPaA 'a%?&a?m@fwﬂll'ﬁeferred embodiments
i nvention; [0038] Figure 18 is a schematic,

of he dmeentiewst i onal sr de view of the partr ally forned
transferri

I nt ed |rc of ure 17 aft

por FAREH S s5ebEde inn whab. sfospardioil fige cviey of the arall
fortied aﬁﬂegﬂafaa GHRRLIAtiBure 113 At QLA Be Walthn Rk ’EE bEShery and the

enbodi nents of the rnvention;
spacer pattern in the array into another underlymg hard mask layer, in accordance with
preferred embodiments of the invention;

[0037] Figure 17 is a schematic, cross-sectional side view of the partially
formed integrated circuit of Figure 16 after transferring both the pattern in the periphery
and the spacer pattern in the array to a primary mask layer, in accordance with preferred
embodiments of the invention;

[0038] Figure 18 is a schematic, cross-sectional side view of the partially

formed integrated circuit of Figure 17 after transferring the periphery pattern and the



[0039] Figure 19 is a schematic, cross-sectional side

view of the partially fornmed integrated circuit of
woionerie1chd after perform ng a spacer renoval ardThst®ese07739

transferring the pattern into the substrate, in

accordance with other preferred enbodi nents of the
spacew paitarong teODBilyiRp gubsraR) in sccardunce ogihapbieras exibowtknts of
I thré)xg%h a scanning el ectron m croscope, of a side
e PgLeeOBact j on of a pattern etched into both the array

and [§39) Periipher Yo @ ach £t§ca|cllé(ss-s95tf5§‘1?1 LAk SQER §i%he partially

CII‘CUIt formed 1 n accor ncévvl referred
forered oiitagenteds cyuit loé Elgureriﬂl after Iamﬁ)nﬁlﬁig%]spEaeg ue@svallAd before
‘ ar}d Zlg}ha m crographs, as vie d t hrough a scanni ng
TaRyiEEe rHRtuBs sibsfrats: g5 é%ea*rlﬂho SRR FRediments
of tRtiRvdnfiBn:ar ray and the periphery, respectively, of a

partially formed integrated circuit, formed in

accit#8hce Eugllnh er &f armwdoga;ﬂndasnumvsd ahrotifle a scanning electron

.l nventi op. tail ed Descr ption of Preferred
it B SO G SPRRGRIT B BASE csGbl B bRy e amay and the
peﬁ}ﬂfe[ﬂ Bg acﬂaﬁtﬁaﬁfyeﬁhhé(d $h1e& kel QAL SRrmbd il %éco?@ﬁl@e AN referred

pitch doubling techniques can encounter

embpqhmeumquha inventimnsdmy ri ng spacer patterns to a

sub n co ods of transferring patterns,

bot FO4RL®: pﬂd%'érF% TR o e Bt é’F‘P’gﬂgF?@’?%;ﬁs‘fl?‘ﬁ%ﬁg?%gh a scanning
ele€fRPERE I Rpaored fpabw I St

away the ststrate mat er i ﬁﬂe%ggg({(%ﬁgdntalg,éfﬁg Eﬁllaetﬁe periphery,
respeptivellys of avpartialinboymet éntegrated cacuig | fhmdd mtacaordhmwemth preferred
em{)aél.e. Thgzl? .over. the course of transferring a pattern

Qe I Y at eri al , the etchant can wear away
the spacers before the pattern transfer is conplete.

These difficulties are exacerbat ed by the trend
t owar ds decPetadedhBescsintion ef thi Pegfernd ocﬂ1men‘&sxarrp| e,

|nc ngI ds to e need fo for enches

hav aﬁgﬂ 909 SR ?%m*ﬂ ’LIP efF ¥ geed gﬁjﬂ%es it has
bednnfoﬁfwthdtﬂ ﬁitélpﬂou/Mhh t6bhhigued!bdd &ﬁomﬂelpﬁl?ﬁi&@l‘yrlﬁ transfemng spacer

structures having different feature sizes, "patt

patternprigfactubptiatg. bx ¢omgomm@&mﬁh of tippliring patteros, bptht thh spacers and

therﬂ:ﬁldgx#lﬁké gl?lgestrg{\;ee%{e l?gﬁ(%s (?c’ flﬁti %Eﬁh.?t eﬁ%ﬁfj&qre eﬁen&?f&ve@;aes away the
sublstrgrs endtedidli CTHd ét€Bantd) MOHeTEre dar BRO W XB Ay Fhe 'éﬂh@ersf albeit at a

i nvention allow for inproved pattern transf er ‘and
slowpietatsor Hetisi oyer de @ﬂuﬂ$ee<rfémn$@ngénatfe@atmmsndeﬂymg matenal the

junc | i.tch | cat In.a.
coRPRIARERAT L B BT Pl f e, e
dlfmm areNE@icerdite@ D GRY irald® tGRAEC IeQ cAiind B8NS $fe, which, for
materials is forned to allow formati on of a nask k for

exampé% dBGPaipgly lags quév@éleeCh fo ﬁ)r@etmﬁhesmﬁblsb hete insteasitigly higher

h f.
de e gﬁd{fﬁ}a%rogpﬁl;%g ?glﬁl&mnl %;vlltgec? %tidtu}tbeﬁ lélr }%roducmg structures

havmgi‘ﬂtffe&bﬂt Yeapse chides, lf)eﬂfefﬁ @ahdférsimPaidng rhaldeihk ReFliQYion of pitch
spacers. This typically forns features of one Ssize in
multiplication principles to integrated circuit manufacture even more difficult.

[0043] In view of these difficulties, preferred embodiments of the invention
allow for improved pattern transfer and for the formation of differently sized features in
conjunction with pitch multiplication. In a first phase of methods according to the
preferred embodiments, an appropriate sequence of layers of materials is formed to allow

formation of a mask for processing a substrate. In a second phase of methods according
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one region of the chip, e.g., the array of a nenory
chip. In a third phase, photolithography is perforned
woaodeaom9a second pattern in a mask | ayer for nBdT@$2006/007739
or around features formng the first pattern. To allow
this photolithography, another photoresist |ayer can
to thée pfedérieideabadimenis hshorgthegrsplyr andnpitah puéfpdicatidny aretpheferably
spacers are surrounded by a p& nari.zi %_natfrial ?nd o
useipofornadirsipattgipedelingd py 81680 lsftﬂilﬁaé@ gipa} fepiyges ot one size m
pl anari zi erjal .o T e I Bpipan a third phase,
Onecﬁ%‘?netoél {}I%orgﬁgaréfg’alt ei/hlgr\?Zr iagpmdtnﬁégﬁ‘%r?r gltnﬁpatltner n, or p
photdlitisdpiEphprie perfotedentoth nesetand paterhe &omsk dayst yoringd gover or

woghie ey Soonng g Gosipain oty WS AR BRSEG! snotier
phogolﬁészgrtlla{rk caft %Ig N Ra Eﬁﬁﬁ}f 1R’ Haldrd 83 [R5 §Fefohbf) the spacers are

ng primary nmasking |ayer, which preferably can
suridendrdedyes ghinhddihy netaibdnd phatbieviet aperain poeferablyyforged over the

substrate. Bec t ' Ki | :
plgriging: BB1eaks A° (6°X HUFEY CRETBRRIED, R PEGBLY oypiep the first
patt%ﬁlr bP4r s&%g ??%férkéﬁ%n@dﬁnﬁi’t@ foet 80 L:b!m%)fé{%@}n it HdifRkeht Pdgion of the
thé ctura

stru and chemcal’ integrity of this layer so

chip, et , the peryictyesfithe fremoedcliip t his | ayer are
wel | - defi ned.

0045] As such, .the pattern transfer |
e 00| | Taa dond Phxecbad 4 Gt Fud Rk PR Rlecifapsfbrmed to
i | @i hadrd beBskfctaaye s eiched
o SREREHAR D ARRRoR o b e omgsip e cie
reldiionng ai haderjyiref substiatg  Becapsecie phinvaymaskiag pyanisimiretprggly used

o (b AR BRI 5B S SRHSG A G W& DLy AP Ay p maintein the

sﬁ\%lttﬁﬂaa[ﬂdzéh@&iéﬁhﬁéérﬁ of tHi ByROoVARI the phit@fs el @@Wes layer are
eposits around pattern features, thereby distorting

well-eafinedes of the first and/or second patterns. This
di stortion can pe. particul arly. praobl gmtic gi .
smal0043} ¢ cHESSUP rthgﬁf‘%ﬁ“ g'ia{‘%ﬁylﬁ'ﬁf‘%?r ﬁygggp@%ﬁ‘?@@ﬁr Winsferring

thel HRL Al | dcdiRifatteSs SorsEsitivily @ &8 heldChiaglg 1dyes &id 8ien to the
and second patterns into an upper hard mask | ayer,

' Yy a ..
primbpanaskingskapg. ilshasrbete faubi yhas eetforming 2 sichdhigysh thgelanarizing
pl anarizjng nmateri al hot ar esi, st _an I N :
1ayﬁ)q gh i}q Qﬁuﬁgre & zaryielaparb ?ethli op (ﬁpé}énllesr z.aggxz(r%‘utgg ;glﬁﬁeﬁésﬁ% Ynaterial
an@blgg%lhﬁiiﬁg ARESLL alThist PelyRRALMoaStHt leane depesits around pattern
un

ri'ying primary masking | ayer are preferablly all o
feataesy threrdhysBsionting deatates of thp Sirst jaad(Ar q}ﬂgo%pat% his distortion can

undesi r abl tch the pr,imar i.ng._ | ayer . - Thi S 4S%cation 1
be é@&gzg#agfyl 9%3?6%1118 cgiver dhe. %mgllll g)?%# esaﬁ)lr nxgyllgfé pl‘EEH multlication is
orRERITLL A SOl ot et e
madlodayen ot cleaing wish|is gesferally Heefarmedto Tomys the plagasin material,

hard. mask | ayer.is pref u : r t.he
o R ) S Ry BB AR B RGN pecguse
plAMBFARY Shatetifle thovRbtdiesl 4w khel aydilyand primre masking layer are

preferably, both 't he | ower and upper hard nas

proferablyradlbtaybdrobased nisjeriabiwthectipraing %ﬁneal%b%%eﬁiﬁﬂﬁ% etoh the primary
masking layer. This is especially a concern where the cleaning is accomplished using an
isotropic etch, which can etch the primary mask layer uncontrollably and typically does
not form well-defined features. Thus, a lower hard mask layer is preferably used to

protect the primary masking layer during the cleaning step.
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processes, preferably perforned at |ess than about

5500C and, nore preferably, at |ess than about 4500C
wande/wo®ds preferably, at |ess than about 4000€CT/US2006/007739

Processing at these | ow tenperatures advantageously

aids in maintaining the integrity of the primary

mas{00$] | aykloreosspehd dwey hahbmakhadyet ay@rmose freformdy, doth the

oG Roa {PPSBRh GUk CHP DBA HesdBBEE P oo GHEperatire deposition
pré&g@ﬁrﬁﬁ‘engé?egﬁy ng%l@%@d ANES thén Qﬁ&jtetLSrOe@ iy ﬁ{%eébreﬁ“e%bly, at less

the pr sking |l ayer Is anorphous car
ther abbat 4 ¥JCrmat enbstipseftmblyt hidlesphaestout A00°QdePrstdséiag at these low
silicon nitride, .or silicon axjde, I.n other ) )
terp Ao B g Rl iy o Sy ping e dpiseasolafhg Rrrffeary masking
layRf,! BREYialRSKAAD thAYRTerC AN ;&ﬁwﬁekﬁe 58 ¥pholid ecaﬁjl%)(ﬂ}e. r f?&r Oy ample,
mask | y a hat "can

_ ayer is preferabl ormed of a materi
undesirdelp aslhing daredcchvifatengenatarb@sis capowdi s¢ highadembavtres.

and i referentially etchahle relative to the

Spadifd] t ht ‘}Soevaefﬁ)éf_fddmﬁtﬁ’égl fengherpripaty apnpkingtlerer & amorphous
caBbher praRkRH | BhteAME thY s D& s URARK. Igg{cgn,n?ﬁgodf @%88e, or,silicon

The y ‘al'so

_ | ower hard mask |ayer 1s prefera orned of
oxylemdn ethienmbédimentanthb enadeabssior de sphceroamd thepenatynesking layer

T X O T
deSRA6E bSloNEnipeRinteYas dRhdedasdvel Y Els ﬁ@%réﬁ%a%?%?ﬁ?oﬁé;;elaﬁve

different materials, but preferably are forne
to dwnspaemis.cthe ddwerdhagd mpisk flayep pod esys imteriahdther amésiml overlying the

chemstri.es. F xampl e, i one enhodi ments, the ,
up%eﬁglgrecf gla%ﬁ%yefrh g[rhf: g%%hq, ﬁx.aﬂhléxeq 1%9%;?&%%1}1 a[}g ffnaxgq?ieqf aghaterial
thaBRa® bk Rpofted.- at 16W! tbBBra®¥dsdhd WhirkR dnRSIYRREMLIBEE G ive to the

mask | ayer can be forned of, e.g., silicon, or vice
privpaps masking l4yer end thedupper bard mpasktleyans Terspadees atd the lower hard

ferred.fro r both .hard mask layers.to th
magk B8 S0 B ARG B Sepiopasrin uritrira ol fciBih oF the same
mafeial €bNSinli€y 68EesPnel fldakdcets RNGHRIIRT TFRMARGle, in some
grlnary maski ng |layer to the underlying substrate in a
em,

pdigieatss theppaceruand thadevesrderd waslf layer aag beifbfesderftanyoxide, e.g.,

1:S . fe [ 0 0 Ich are pel.ow t.he. m ni num i

s R E R PR b e RE GRS T, or vie

verpat TBE firsd Gnd Geddnl Paft@hsesh AR bk hRsSRA HBA St bdBEhard mask
successfully transferred to the underlying substrate.

laygs te Bipgrimask srpglsiag {4yer.second pattern is preferably
i ni td y f I, a layer. substantiall oext ens
¢ IAELY ¢ R bt oY B B IBL P S B Sed Gm the
pritnbsy fiagkihg Pdiet €F fhe Aifleflyin@Sdubétrat®Heh| ikdé R@pf eBtUsl Btterns for
of different sizes on both sides of the

forpping differemalyreigsdi featnrasi somes ot which ave hglest thegminiimus: pitch of the

26l ' ry.transist,or can
P PR A R ELPREYLERRSL R Bt st con
sucpédsfly)irangisiced ¢ thayi@deriysnd fu®stfRs KMdgeodvay BEcaub@the second pattern
directly. overlies and, due to etch selectivit IS

is ppferraby injfally dernsed inndayes swbstantiphy eesstenstve vét}béie fasteattern, the
j I Ki rois preferably. ..
secplg(g h%tﬁa’ﬁlé ? nao#gft“?ig rr%fliéf;l Eﬁzg?é%g.l r«g\%ﬁﬂe&}f{? oveﬁap%mg el frs O different
sizes on both sides of the photolithographic limit, such as conducting lines and landing
pads or periphery transistors, can advantageously be formed.
[0049] Preferably, the primary masking layer is the masking layer that directly

overlies and, due to etch selectivity, is primarily used as the mask to pattern the substrate.
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good etch selectivity relative to both the imedi ately
overlying hard mask material and the substrate
worberioedds t hereby all owi ng: the spacer patter RCTUSR6/007739
hard mask | ayer to be effectively transferred to it;
the primary masking | ayer to be selectively renoved
In \partisoler, tarmriomgy tﬂmkmgblsjzeras @refembllyt foempd bf ermaﬂenall that allows
tr rred to the suhstrate.
obf ABE BlrbBtTe HIRR B Erry e aiNES baucask wajegal and
thd SlRtrhte Shate$dlRLINHGHY: BR $ALS kt\éﬂ%tﬁ&% k layer to b
1reI atrl ve t(e)1 har d q rrgskormterl a§p§ Cﬁa first anxgﬁrgg%%ﬁa/er 0 e
effpetivelr wenséaredie it rtlmsrﬁmanyedas&tmgdaydr yo be sellaamubemoae@ without

B0 Sy T Sl U T e,
otHek m&[méxﬂﬂ gﬂﬁélﬁﬁﬂl‘}s wiRRL e BibsTREKisaRMiLBS simple and can be

under|lyi ng substrate are exposed to etchant, which can
selmtambamyechrqﬂmw théfant eashengpatadethe firsinsd esecdnsl patterns can be

fflcultle ace t ed
waf R feonl T RE hutat e By S g ir g lfussed
ab&teched. It is due to its excellent etch selectivity
relative to a variety of materials, including oxides,
nit r{@%@i; an@IS gplel gbere, itheammhe npﬁthmialof maadkmmg pattymms, both the
for d.of a

b
maps)fe er aeb er §r§§l fekpre eéPB%HQ[ r %ﬁ?‘l Cea“t‘?rﬁrgal away a mask

befoid 1Ry yaﬁ% Kranatéelis compleRf emaby eYd@ﬁ)(ﬁﬂlt‘iH%r arBtehYerblbf Kvhere the
so that it is not worn away before the pattern

Suwrat?smmprlnses wokipleediferent majietipls ltnabaptph@c iTnisalie this exohaent etch
I u n mask, | ayers t
< RS S B b R Ry IR i M G2, ot e
prislabsinasitifg ldyer RogreRemily FauRd, ofhavBMRIus cbf%haantlnm%?esﬁ%ferably,
where the primary mask layer is particularly t
trapyparest cathel. nask features are very thin, the rel at [ veI y

t al I tures in not be . .
str ik ufal Wﬂg ¥ ﬁb RS n}fSItf gaé' k3 prqf%ggwgﬁmpgﬁtte{}’rtggk 50 that it

is B@nweaf Qvap wafske BY phtterh tShalt 8- colipiste, ﬁWwHFHe' éiﬁb?émated that the
spacer. or spacer and hard nmask removal can

spagelst Bidnper gnd dowerglhard mnagk daxerabipidalle aiﬁlt?emf@ﬂ@ﬁ fHegprirhary mask
layEﬂ %Jhgﬁselfchfn%ag Lé{lﬁsstra?ef Nl ﬁa e%gstfoﬁnc% quvJeﬁ/gr R attt,tog{ Eas%% wdwre the

e substr

prmnﬁ,k madly dhfer Clarpab@aﬂz&rfpﬁﬁﬂ{ ed/of ehd halisfleduRl drb&ery thin, the
tern to the substrate. [0052] It will be
fel%lﬂb‘ﬁiyeféﬂé‘tlé ¢hip feptures @ the mesk may aot b%stmﬁ@ﬁl}pﬁ@hlér As aa*faseﬂt the

o SIS LR, OSSN e LR L

hardrmhﬁyleﬂﬁ)vlﬂlawnl’i@ pefpirens t@straphtbe aedbabhize thap® fitd of the mask
structures in them etc. These materials can 1 ncl ude

feaflwes befprg feanstes of ’;hﬁ Patternde the bsitate t Brathergmbodiments, one or both
ha@ RN A0 blgl? L8 0d ek 6 gURlrhe SARHPHIRL LAlGaE"
ope ysSi

conpri Icon, an electrica
act {0052hr edy \31118 be Ca@eememéd ahdrethal “dubytedie” $ol thhlaﬁ Patterns  are

traltqs gr%fdt ge?n maclhijdrg .'? lile{?/e? rof Cao Elgglré rlngt%rlal ao;r)lurahty of layers of different
materials, a layer or layers having regions of different materials or structures in them, etc.
These materials can include semiconductors, insulators, conductors, or combinations
thereof. For example, the substrate can comprise doped polysilicon, an electrical device

active area, a silicide, or a metal layer, such as a tungsten, aluminum or copper layer, or

combinations thereof. In some embodiments, the mask features discussed below can
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conbi nations thereof hi some enbodi nents, the nask

features di scussed bel ow candirectly correspond to the
wdesieriethopl acenent of conductive features, SsucRCagS2006/007739

i nterconnects, in the substrate. In other enbodi ments,

the substrate can be an insulator and the | ocation of
dimﬁé)kcq‘rmapmrdes tiosdhesired plasgmend of cortdnetivbefehtuad, duol at iddtconnects,

AT EEENTTY P o
of [qrﬁﬁﬁc ]%a%ﬁ%§ @R dest g dded N GBsitedOl 035‘1% o? t ﬁlytﬁ&tldf C%uch as in

In any of the steps describ
damlamsé ematalhgat@npaEXaemples‘ oD snauroy eﬁasrh;edng ﬂle\SEbS’[ItafB Awlude gate

d I f feature n the
Staﬁig i %‘Pﬁ%"lt @118?1%11%5%%% P]yngorsgsgonz Ito f eat ures
in t[@(%S?Verinyérﬂgof ﬁ}éeéteps':ﬁfscﬁﬁémﬁél@ fl Qﬁ%% ?Eﬁ)ézﬁéprgtefﬁom an

in the underlyi'ng | evel genera
oveflyihg heys] tonan hedalyéng levelgnvalved foamihgt feetulre}scmtthe nnddrlying level

RO NN TN TR .

in {h%\{ﬁherl}m@ le%lexﬁillsgeenéﬂaﬁ? ?o?lo%’ 'fﬂe ht%%ff 1196 1 ec U{fé?émfgaigvel and the
vary fromthe overlying Ievel o the un yin
10qabmvévthen=f9atueesanﬁleeunddé]aeg dhvngwubcmrespmtd tohkerlosttidnest similar
d di t zes.of and relativ acin
fefy B R bt DRt e Tt S Shish G HERRS <0 et oF P RRTES 4o s from the
ov@r@ﬁn%@ev%ﬂ &@&de&éﬂyﬁig]n]e%ls heder &l aFérV& é g@ﬁﬁlﬁg hWBon etch

on the overlying | éve le still rese
cheyaisisies ndj enditiemst dlean SiZGSiSJfCEa?Id tﬁéatweespaﬁmgmhetmeen the features

o B e b B U SR et on e

ov&MARe Bvel, Avhilb&tillirsRAHIAR %@Iarx{eeﬁltié[ eﬁa’tteﬁhe al EASS §Jeh §Fbm the
pattern is still considered to be the sane pattern as

eX“tIﬁle‘eM ishyipking dhq Epsh resisi neasktin dbe embodimienty @perdmdsbelow Thus,

d sk f an ange .t he
%{_} esr?g% \clz\ﬁla[n%g gnw e&ﬁ%e&gm{ls %f ﬁ’ © gat&% ranﬁegpg ipgttern is still
corhshd@ech WweE ahs sné hattérd dsi e iBRAal Patidih OUBNQIRkrast] tforﬁ'hﬁé spacers
be appreciated that these Figures are not necessaril

aroypd sk fcalirey @n chemsshe pajtesn.f i r st phase of net hods

acc | t erre a sequence of

I ayg(;d‘hgg R fge‘frélg% b i d °WoE%é‘ga%th8{TE '\’X/e% o‘?’ﬂg?llno rf’tumerals
refer 1oEltie fa0ts tRroQSIRAS] MOwR ISipphdoni®l thBtOtQ&@]F@hGéJ&% néfnecessarily

shows a top view of a portion of an integrated circuit

draygo s¢#t-| e t he preferred enbodi nents can be used to

ac R8Y couery B et sl Rl do PRl Ry Biembggiments, «

sequbnel @dhyereaf malemble €§for1ln6@ kta€l LG &MU WN G b ImARK F8YSrocessing a
for volatile and non-vol atile nenory devices such as
subsgal®) ROM or fl ash menory, incl ud| ng NAND fl ash

or a [GUits 0
:Tgmé ] Flg"g(rg% i @% qpo‘élle‘@ ar rpaoyrg%réﬂg Bt rgegr?%é gireuit 100.
Wlﬁreo@emhb@ egﬁb&lments can be used to form any integrated circuit, they are

particularly advantageously applied to form devices having arrays of electrical devices,

including memory cell arrays for volatile and non-volatile memory devices such as
DRAM, ROM or flash memory, including NAND flash memory, or integrated circuits
having logic or gate arrays. For example, the logic array can be a field programmable gate
array (FPGA) having a core array similar to a memory array and a periphery with

supporting logics. Consequently, the integrated circuit 100 can be, e.g., a memory chip
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array (FPGA) having a core array simlar to a nenory
array and a periphery with supporting |ogics.
waansaquent |y, the integrated circuit 100 can BeT/US2@6/007739
a menory chi por a processor, which can include both a
| ogic array and enbedded nenory, or any other
or arpreqgset.edhich cauircludabotiga bgicogtay ant embgadel @emady, or any other
: EOOS?].VW% Contkgyed reference to Figure 2A a
INTEFARCHSICHERIIRE 4 IPBIC UeBde3FaYy * i's surrounded by a
per ifgixei al [ : p [ Yoa Lt
appJeciated“?%aggn%%é%r?%ﬁP?p?%ﬁg i%%bér%’é%ﬂégg%hﬂpl the
“art gy, istsueromndedybylOferipihietal roghorc B4, yheipetphael’ yIt pafl Weappbciated
fha Lh %pﬁd&cti 0. lines and . el ectrical devices such as
135 Wnd iy diofegiAied ciewt 100, the mrayr 102qwilf ¢wicallyebe densely

poﬁv\(ﬁkﬁli@%% Wiﬁ?&onﬁﬁ&ir&lq?leg %ﬁ@eﬁcﬁ%kﬂr Avidey 819511 MS%E?Q% glltlcf céalpra]lcitors.

are typically arranged in a regular gri

In gtmerheryi devises thet dlenricf dewices formes phuralitipiof nlentveg cells, which are
Desi r abl pitch multiplicatign can be used to form .
tyally Fiaedsd Bip 1e8uIh 6 BataiRmb SRS gl ardings and bit lines.

DeSitdb2 | 13ih SmbiRipliBRicA §28Ybel Aded @Sfo%sﬁmdﬁugﬁlag%wmolumns of
the ot'her hand, the periphery 104 typically conprises

trapsagiongrand dapaqiters whthn artap 62, a5 dibeissedrlsslovk0Dn the other hand, the
nventjonal. otol i t.hogr.aphy, rather than pitch

per%ew B‘Itdl4c gmlcé:ﬁf,} icgmeEqse lfg%fry s U r.t@axb athoss n1.n the array 102.

Cohealtidhf Sphotsleho @apHy0 FhifieC tHah %ﬁcﬁymult@lig%lﬁ)lngg%r ?Péf&%yly used to

104, because the geonetric conplexit
patggrp deaturss,| ikt asdlogie tineuifpwrinptherperipbdryntde devmisaghe geometric

it tiplicatj Lfficul.t, whereas the regular .= =
A P, by 5 5 S8 i
diffiedls, | Whére@t i@ redularagd tiypidal SOMBradePite®s i cbh&ucive I’co pitch

uE{erjphery require larger geonetrieS due to electrica
muggiisation. dpgdditinersepe desicenin thé pefphen teipiké leeger georhesiss due to

B PR SYRRL DA B ACTE B s

cortvehtidniaV @h6toRISgraphy Wbl ducheileaRps. e th ali@doR Yo PaSsiBK  dit&8nces in
artisan that the relative positions, and the nunber of

relaeispHer iy Wil be anpresiatedyby1 e skidlgd aritsan that ee feletivgmasididns, and
i 1 U] f hat depicted. [0058] .Fj
e b PO 4t T WL e PR Ebe LS ver

frofnahareldpictedegr ated circuit 100. Various masking | ayers

120-160 are preferably provided above a substrate 110.
Thel008§kr s Figuge 2B0shaws| a prosesestionalt udd wiem af Hesperfigdty formed

. Nl n Jnst 10 LScusse | ow. .

i B S AR AP BRI R thles 00060 SEOP SR B e gove <

subbingte SIUOSt The eayik0120-86( kel SeadithedClaofen Hashd fdp?ﬁtteming the
consideratjon of the chem stry and process conditions

subgigate { h 8y discwised pelevern forning and pattern
g  BESRLED L e 10

| ayers ‘between a topnos

prefeRdbly nibsth dasedbgionadofsidditign ef eeadtedhidtynaildi 19cds® conditions for
transfer a pattern derived fromthe selectively
the yarousypatiern ngjangl pagtermansferring steps discussed herein. Because the

layers between a topmost selectively definable layer 120 and the substrate 110 preferably
function to transfer a pattern derived from the selectively definable layer 120 to the
substrate 110, the layers 130-160 between the selectively definable layer 120 and the
substrate 110 are preferably chosen so that they can be selectively etched relative to other

exposed materials. It will be appreciated that a material is considered selectively, or

-13 -



substrate 110, the | ayers 130-160 between the

sel ectively definable Iayer 120 and the substrate 110
wanrespoeder abl y chosen so that they can be sel ecrivgedog/007739

etched relative to other exposed materials. It wll be

appreciated that a material is considered selectively,
prafcqamig‘llgr etciiedalion, thettchexde foln dlimt tiaeeriat hat taabteabbor 2-8 liades greater,

el LSl 20 L Bt Lo
an® rlﬁgﬁ E%Eﬁéb@t al ﬁ:@étab@ﬁ’lpw tiflds LlARS 1 CRhehor %?Jh paterials.

prefe [ east about 407ti1nmes greater
Betase 3lgpa1cn,f ek lagersri2 @i 5 abwrlyRBedheipdmarydasd madk Ilaj?@ 160 1s to allow

B B S B o A e R kSt
of ilRAhydr@YSI- 196500 bd otdeh o?%ul?s@ﬁﬁ%féff %ﬁﬁﬂ)lé BALr 29%rE, chemistries

nore of the layers 120-1 can ted or
and/obprocess teedditibnsare tuakd. e Fot Bewmpietthe ilaybls 13 banbs bmuml in some

e P SGRESI Bt PO oSBT B DS BRBRREbelow,

are/ 15 8dsitkd on enhancerrent properties of that |ayer, as
di scussed bel ow, are not desired. [0060] In the
i |1 (@060ht ednethisodiusteated enibmdiedntcthey etlyctielyi dafibable layer 120

overl.ies rs a S or_.etch sto
°V‘f1§g¥/se? ﬁi%% Rt S5 o st iﬁ%%{ﬁw%w EAPOTRRlBir 140,
whshedlet1 8 a%emqtﬂlﬂpe(r}lﬂé}ﬁ Fask %r%tdfps?gp 18fer €56, hVIﬁEPQVerhes a third
| ayer 150 overlies a th (Tower) Hard

(lowas) derdimask pirdi S owbichiogerlias ppnmnymaﬂsllayéralﬁér Whﬁﬁ overhes the

R e et -
whidhr tBél §libs¥hieCI 0tiB r o%'éi%%& efomdd th th% Rk @ ﬁﬁﬁsrﬁgsk' 18ydr Q55%¢ in the

in the third hard nmask |ayer 155 or in the prinary
priggekmagdalayer 160. [ 0061] Wth continued reference to

S Ir g %ﬁ| y \&qgt%ﬁtéfq%hg% eg 10% ?Ogbpg%fl flﬁ?@g gfraleé‘uvely éeﬁnable layer
120 nop@fem;,s photbdrs'ﬂnuﬂuenggaWﬁf@rw&gﬂ&n&%&ﬂg iREphotoresist

art. For exanple, t he phot oresi st can
kncg}mﬂrbﬂ@sarét Félbﬁ?ﬁ%mﬂ%l the \EhOﬂQIBEBV cambe m@ss ph@tpreEwBCmnpatlble with

th st ens nm wa t si on
120, LRSI 5L TR, Y BB Bl R Pron
sysfHﬂﬁs\A@?dt@ér@@ﬁEtﬂﬁvﬁﬂeﬁ ts?d”f&ils @hclghiag tlB%ﬁWbl'ehétﬁ%%téﬁE‘)‘ ér electron
systens. hi addition, maskless |ithograp

be%s kthogepBifot Sci’ls‘ietrﬁogr dph)addlélan, b@aiké@é thtg hbfe oth emaskless

pho%ﬁllltﬁgélje lﬁl %aﬁjg% AL edehralé{ ﬁl clecti Ve'%x %?f Itfig)f lggerpl/&ﬁ),:) xamples of

eria

prefeeredi lbhdi@eﬂbtoﬁl@feﬁslsSMdude Qrgonpﬂﬁﬁrﬁfee@&@@ setbifiaPpRotbREist, ie.,
use with an ArF |ight source, and krypton fluoride
phqtpgepist suitalle tfps use & AgF Gght soukse, ar@H@mw@ ﬂugmde (K1F) sensitive

phHet 8P LE, bRfoltSE: e ol wibBRRGF R CRIS AR agpiaptiys e
preﬁeysmg nseduyith iphbtothoglaphy VigtemsSRDIAngNRENERHGhbrt |v¢a§'91‘éngth light,
193 nm KrF photoresists are preferably used

e.gyj gﬁ?’ | BHger KiBv ehelaesisisprier opreferdly apied syitt dengers wanelength
phcﬁoc‘htﬁg’graw %éﬁ%n&oﬂ'as %1?% S;E’R:B%‘ rfﬁ%tfl’?'er eﬁi%%dfn?e\ﬁ s thezlayer 120

and any subsequent resist layers can be formed of a resist that can be patterned by nano-
imprint lithography, e.g., by using a mold or mechanical force to pattern the resist.
[0062] The material for the first hard mask layer 130 preferably comprises an

inorganic material. Exemplary materials include silicon oxide (SiO,), silicon or a
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and any subsequent resist layers can be forned of a
resist that can be patterned by nanoi nprint
woOibdsagr@phy, e.g., by using a nold or nechani eai/uSeee07739
to pattern the resist. [0062] The material for the
first hard mask | ayer 130 preferably conprises an
dlqlwmcg antigefletioe | ajatlnﬂ@:m{@); ysuoht & hasiicammthidilicon oxynitride.

on o con r adi el ectric
P@ﬁ&ﬁiﬁfyr i filéf 5%%‘ gﬁ g 38 J( dlelgfiel; 228 T5T1eHve ARG ERARC).
UsﬁigI DARCOr¥thé tirtehard frﬁefsﬁf@?érmot cba% bd §1rt1c5'1%f1? AMMtageous for
layer 130 is a dielectric anti-reflect ve coati ng
forfridRQ)attetdsi hgvmgoﬂmfyhém megrthéhd ireslutioar timits kf |aayphotoliBdgraphic

oGRS B DGt Sl AN AGR0US 1L Of O TG PRI Shs, thus

in %'thé hegisRR %ﬁh WEeh Bh&Hcho@E?l }Dﬁ?}%ﬁﬁ@ %e%%@@&fea pattern.
reso e

uti'on by mnimzing ligh flections
i ncn{@ﬁi ng Tltﬁetempecals |1amr WK hs whiferablyhotméd dhagosghloys carbon,

d f th 063]. Th
WH 8P t'F@ e?ca@‘f:?ﬁ?g@efy g sy Eﬁ“g%"&]t&}ﬁhe:?fﬁfe&ﬁé fgrd mask
ma@e’%faho nMoi’U";b@férab@ys tﬁ@&rﬁ@lrpﬁ&%v@arbd?lf i %rtgrrﬂ ®F Xmﬁ%ﬂa{’éu? E&Bon that is

selectivity reldtive to the preferred
hlglithst eisphient th@htmnéftbzrtaﬂ’feys firther anmopbmemts dar plarto iaBgement by

orm of ano ous c S sparent_to
bein P RrShuE ot Fegfenatty, bhdient st de Srebs A atsno; Beposition
tecBhiqQENTBSY fdRhiReisheh ttfaﬁEbiPe’iﬁ'E %b(ﬁlo c;hf' B VRY.BA QHgkhSHé?lfnbold D.
| ight used for such i'gnment. Deposition techni ques

Msisspers drlin riypliduEms v a&% §&9%nt 19982030 the entitye disolomarei of Ahich is

. | mho . ssner, Thin Solid Filns, 283 (1996)
mc}féﬁjé’ngﬁcggér?lﬁ yerﬁjtererugedl sclosure of which is
| ncpogeay at echehRididhtiod of &faRrRACEr theQORMH ahB€hird hard mask layers
conbi nation of materials for the second and third hard

150ramd 1payeer Bremlzanbpsm Hagedarpon dhematsiripl sedsfon thmpe@brs and for

the u?n elr‘lip:lltgl% g?e%re )ﬁ 190’&%5%3 ttéelg @g oy S dlls];;gefe%?) formed of
am&ﬁ)@iol@ caﬁb@f eEﬂéihMaﬂy%’o%a@an@BPﬂh@'@% n?ﬁérmale listed in the table
Exenpl ary combi nations of the other materials are
belppsted in the table bel ow Exenplary Spacer and Hard
Mask Materials [0065] It will be appreciated that the

oxide is preferably a_form of _si oxi.de and the
nitride is ty XEQ]IPY §Par°ie’bmﬁllﬂ?rflrl\flﬁg%%ﬂré?% t he spacer

BRicérhaddrial: § Car bai ﬂﬁﬁ? tenpaid@r y I AXebrphoas Biceh €7 aDCHbon

a mataed ik [t Nalmotphoupl €f er ehdr@blsy €f ehabh@orhRlal | VEmEPhous

the caatdihk. Falicogwadpl ¢, stib@/ddemor ary lsaiy@r can diRon/oxide or
(Sefawd frexd nbk/g si | i con- cont edideiamgrphawt ef i al . Dependi| pgddamorphous
Thirthagdmesk:jlon of appropri at sliehch chenmistries and__silicon

nei ghboring materi al s, exan‘pl es of other hard mask

mat eri al s i cI. e anor carbon and etc e hig
@i}“gj 121 PR, i S*l?é%%?é‘d‘ee‘ﬁ%ﬁf?ﬁg& 3 fpRY of Sitcon
oxﬂ@ QR %eﬁﬁfrfheq@%1daﬁ¥%ﬂlcg§ Quh&e fWHéFéjthQ Pacc'ef hﬁ%‘i‘l’al fé drbon, the

anor phous silicon hard mask Tayer
tenfporargdaysf ia preferably a materlal that is preferentially etchable relatlve to the

carbon. For example, the temporary layer can be formed of a silicon-containing material.
Depending on the selection of appropriate etch chemistries and neighboring materials,
examples of other hard mask materials include amorphous carbon and etchable high-K

materials.
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silicon oxide, e.g., a low silane oxide (LSO . The LSO

is formed by chem cal vapor deposition using a
woebwtiowasy | ow silane flow and a rel ativel y hpgivuN2@6/007739

precursor flow Advantageously, such a deposition can

be perforned at relatively | ow tenperatures, e.g.,

| es400G6hn almotlte Bﬁéﬁﬂechmrhbodi‘nmalt pthef excadd yhard essk tibgn 150 is

4000C, to prevent,  da 0 .the underlyl ng .

Ia}q%rﬂi 108 s® 2+ APEFP %fa%)sﬂlm i@ et mpgolayer Forifdermed of a
silRbn BRIRY 31 WESARY Sh¥e (BOLT TRk -

' ap%rém at g& t hat oxi des1 czgn tj;pl caLlSld égwedtng?%g ?}\Alefrﬁcal vapor
de]gtrssamemm@ B eelaiwaly Yow ellate fl@w tand si ﬂelatwalyt ligln N3Ot prieclasor flow.

or, exa h chem styies _for oxides can renove
A s G5 Hish SoePATHoMBHLLR ASHPH60 o RS bRt CPaRes. o3
les8 RRAPNBUS 5 50°C 1 268 Mm oM PrbRraBHE fest RIER b1 @@O“&o{o o}?%\'}{r)l'(t) g?rﬁage to

typically only renove the ritrides at a rate
thegundentpingfragnay nashdawmd 6@ el i llayeon 60 As fcﬂmeéw |at temperature-

t.s,.and the third rd mask
seriie b P HLEE BPPTETIE L A OREPLFHIPIeal B FisBed wirgreate
selEchﬁnt%%l@fide Residcdpkn InﬁM&és 'Ifblfe‘ilﬁﬁ{gfé Bk %H&BQH%?OI oxides can
ilicon. [0067] As noted above primary mask [ayer

renlq,\@ the opides efr 'ratﬂtcyrrtoofr firex] lﬂﬁlnmtnfaqmﬂdhm armoipbousigiBedng while etch
Ch#%’?%}%%( g?fsmgﬁs CCEH?’ g>|[} Srtg}n\élg %@gé \é‘rgq %?g(}] n?@%ut 3 times faster
thapadhdrBhiAl dilicodd VaNE 388RUBoth Ahe §ﬂa@&§ fa88 h hiRalL e hﬁ%k tl'cgler are
difficult to etch substrates, such as a substrate
prefesablyifermesl fithei soms materiali ah oxite, ik ithd eccony dasl mask layer is

t.erial s or formng small and high aspect ratio
for gtog?lgomhfbﬁ%%fonl n addition to selecting appropriate

mat grgea] S A4 nblee a¥avd, aus hﬁ‘ﬁﬁ%}r Sask Rert D6 i%nﬁl%&@a?ol?ffonned of
the layers 120-160 are prefera |y chosen dependi ng

amgpRhue 6AHaR idue |1 tits eaicelient Istcheseldstivite mélative tosmanyl materials. As

o 36872 R Rl ¥ Rty Bl eetin YGOSR reppttems t

diffieyletto techasubdiisies, | such Gs| Ayedstri SR S&hbﬂﬁh%’ rllpleNGaterials or
t he underlying layer, materials fromboth Tayers are

mugtie {Ayerstob magrialse e@fOé &oroappggmalt #rel highp @&pectay@@ features.

pr e Iy h.so that .it
Vol TRE' ¥ oh Mok o7 el hR abRbrifth mefia (S ROY AR pavers. e
th1¢kln|6m§ o tteel @aﬁoﬂzm arel frefepib®y ORGEh Qﬁpérﬁiullgaﬁﬁcﬁn d8patibility
is preferably about 50-300 nmthick and,
Wﬂbrtb? Efchshgmisiies andamocess gonstitiansi dercribed hmrqnu w@ discussed above,
ha he | a
R e O R e
etchilflg thaveteahghd lakr, | mgbtialtl Seh hethp RS rd’ﬁe B0Vl & sobdd degree.
A thi ckness of about 50-300 nmthick and, nore
Thys, ¢he Maparylayats prefopbly tiskneroush ¢R that ivas nptwiosr pyay over the

V, 248 nm wavel ength systens.[0070] The
co@?er(zt?hﬁgﬁ% ]l%lf?rayer 130 is preferably about 10-40 nm

th| fgo6and, mote pletefedbeybodipeut, k- PhodALLkHLIK. layde120 is

nporary | agler 140 is é)r ef erably about 50-
preferably about 50-300 nm thick and, more preferably, about 200-250 nm thick. It will

Sa

be appreciated that, in cases where the layer 120 is a photoresist, this thickness can vary
depending upon the wavelength of light used to pattern the layer 120. A thickness of
about 50-300 nm thick and, more preferably, about 200-250 nm thick is particularly

advantageous for 248 nm wavelength systems.
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200 nmthick and, nore preferably, about 80-120 nm

thick. The second hard nmask |ayer 150 is preferably
wahost1080580 nm t hi ck and, nore preferably, abear/us2s007739

nmthick and the third hard mask | ayer 155 is

preferably about 10-50 nmthick and, nore preferably,

abqut780- 3Qha Mirdt hiankmaflORYdr] 138sis graferablyetiontbiti-4) nihidick and,

moxgg%gfgpa%g;gg&tbge lgrlﬁggig | g‘gg Fqﬁlq? grgfflél)fﬁe](r)] éh@é{ﬁ%;‘e%bq}p Iaﬁfout 50-
200&%{? i3t Fu)(d, T Q%re %g&n%aggr Ll ?9-?25 et BN ITRAREEh P iR layer

errafs’an ty o e substrate. .
1506 pasteAEBOdtdly 2080 nhashitieand, rre graférablyaatichit SRHsE #irick and
preferably about 100- 500 nd, e ef.era
the e beroDA 0 Sirk e parte b ey | BB Gk P PaE more prfersbly,
1 [ patterns to a variety of substrates,
Mx%%%?%@?%ghggbstrates having a plurality of different _
nmat@ovH s e diecssahabveuthenyickines tof ahe oeimary ooFR]layesrl60 is
exanpl e, Figure 2C shows _an. exenpl ar ubstrate.160 ..
pretesabhy ichpsrg Basst urRom; H’;‘? SRleqHyirg r‘gpm %tﬁﬁ chﬁmbszryefocr h%&h ing the
subkPatt %&“o&s%ﬁtu%ph AR ReS IR GHS coxﬁg%k‘i‘tﬁ b lsadsiatel L@vantageously,
overlites a polysilicon l[ayer , which overlies an
it hax beter fouhd ilche aalkickiees¢ ONB)efarartp abputel 00a508rnm pad, moyei rpferably,
overlies a polysilicqon layer 11Qd. [00.73] e vari oys.
bl A0S0 s BRFIRUREY (PR, c]SOerg‘P’EA&“W P o¥iiery of
subgﬁgtgg di‘ﬁcl}y&fﬁ% S6RREE hawiBE N PR AR NABAC aRSeRIC N bbestched
used 'to torm photodefinabl e | ayers. Various vapor
durtlepihs insder. pr ocesses, such as chem cal vapor
deposition,_ can b ed tg form hard sk | . o
[ QOMDY 2o e FF SEHPIe 0t 4o PR P B HERT WAl g comprising
a pﬂé@&? :o}’ {298s WY cRIRCRSSd kS (dHERbnh6l gRPasds. halikide thyer 110a

ayers or any other materials, e.g., spacer .
overtésd pallsilieonelaydrtid Opyrinel pvertissan exjde-nibdde-oxidp LING) cgmposite
i n,_ cases, where the pr.i.mar | ayer 160 is forned of
13}’%@&%{3@1\4\@5{? i pf’%ﬁﬁi‘?ﬂ“ l}é&%glﬁb dgeously, it has been
fou 7gf] at e 318a9RYerR Atk chidibd HerbRl fdn MR IS waribbdmethods.

and 155" can be deposited at tenperatures of |ess than

Foaleaahpls5 GRiG-anchatinp rpogsedsesab by uspé g8 foranphgierdpfinatlgdayers.
and, nos

t. preferabl | ess t han ui 4 . SuU
Vafighh,EPbar RO S BIEFSR SR AL S o v\}fﬁ?ggg%é}sqc’?’ bl b 10
forb] BMERlask RgRiscal or physical disruption of the

anor phous carbon |ayer(s). [0076] For exanple, a LSO
e. gl00Dr fReefrrabdy.ept v temperpye rdemin! orapes slepedfon {CVD)

deposited by .a pla enh d. VD Q¢ .
PropaRy LS B AGH e s ﬁ@a%ﬁgla%“wrﬁg il BBERS ez, spacer
mf&ﬁl}ﬂf ek WhepSmeANmAg 1§8d160) epgdctatlyrintdasesprlsesiss prmary mask
n

own in the art. A non-limting exanple of a suitable
layee 360 sriogyst ofrmiogphdve cafhpri ed Materials' Producer (tm

[0075] Advantageously, it has been found that the second and third hard mask

layers 150 and 155 can be deposited at temperatures of less than about 550°C and, more
preferably, less than about 450°C and, most preferably, less than about 400°C. Such low
temperature deposition processes advantageously prevent chemical or physical disruption
of the amorphous carbon layer(s).

[0076] For example, a LSO, e.g., for forming either the layers 150 or 155, can
be deposited by a plasma enhanced CVD (PECVD) process. Various processing systems

made by various manufacturers can be used to perform the process, as known in the art.
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system In one exanple of process conditions, SiH4 is
preferably flowed into the reactor at a rate of about

wobQeih01®®eem and, nore preferably, about 150 seemusid®007739
is flowed into the reactor at a rate of about 400-1000
seem and, nore preferably, about 750 seem and He is

A fdmlimitingrdxamplcofr £iibible rédctod sysdre iofhe ayglied Wéhaw Qoducer™
seem and, nore preferably, .about 3500 seem

sysires S PRe RranAle of Bipeess conditipnss St nyelambhit %@%@dma% the reactor
o SRR Ll 30550 S0 pRURRPLERELRD. oo, ek ones o

theniea@oipitef stabl yhouadowHl 0A0 @ccwatntds mobb ercfpatiyngbdus 750 scem, and
pr ef er abl ¥ about 400-600 m |s and, nore preferably

Hezip dfipwedsyionheseacier, st B 663Pgut 25P0 Q80 sern A HaTa igforably,

Y 5EE GE" NG PRRRE iy Bhefy L PERERI hOURInROR opuy 48 om

and)asorb @esferablynabdubh 615 tam Thb ®Fsposier iscimnferablyabout 60-200 watts and,
form ng the other of the layers 150 or 155 can al so be
moa% @&é?r@%la aboyt MOt Etser A% ﬁw%ylsapraﬁo %ﬁhaw 0B40 s and,
r 0
EPenIpy #eapIso 1lsORS EAMSY, iPhith ARl BEQne LSO can be
de}Rlsﬁeldmeart(enmrasysbéahouﬂ'Rﬂ) 849 ans, mo&fmcfabﬂbw Bbawdds4t.
abo -3Q0. seem re prefer abqut. 150
seeﬁm%? Eléh?ssbqep ouid gt amBnkouwG wséoegegmfawamgmﬁ%ther of
theofa‘ﬁérg n3ploy, ISQ%Htals]osl%odeBJ%%@éd éﬁh@w%ﬁﬁ)&%ﬁﬁeé’\b§ Q'ﬂqasmeenhanced

reactor is preferably a 3-5 tol T
CVD €PECHDY) yorocamum cﬁle&xampke 81t mﬂdﬁ@ﬁrerﬁ@h&wed $o the reactor in an

Akl St ticedhSaipat g sOlpiaraeayty daBahet dot 80-300

scc@P@ndn ﬂqﬁe%}gferdw GbBiitef B @By . TRDAWs 48Q ek Sbout 400-300 scem
Advant ageousl| y, the anorphous silicon can be deposi ted

andgt maret @afeertdy, Labeub 1 8Hbengtn. 250e msm@ widhid, thmwcvaetor is preferably

oo RO &M 2PN T EEPS T e oPoPHale B G IE Breferably abou

50390 %n@ %ﬁ@%h&ﬂe%efb‘ébl@.’ga%uw@@ Q684 DD SRBRE Wiskere@ibly about 400-
m xtures of such rrpounds as carbon precursors.

60@ s tspinaly ylom emﬁfrrsbiy,sahont%mmﬂpr doiMartagsouslyo pi;meenorphous silicon

but t adi d Ao
card by B e BT P NI E P pod. BaragR R aboftaTs e
des¢go78gd im éddﬁkonpﬁieeﬁﬁorgﬁous%aWo% 189&s Bhn be S6H8H b chemical

Fairbairn et al. on June 2003, the entire
vapiirsdsipositior ugmgvm hgdroparbem @@mp@nait @ thigiugenobyuch compounds, as
beeence Eadd]ition t he (iep sl carbon but
CAIGER EFIROE i tABTR a‘%‘r’e?rﬁ%‘HS?‘%rm% BB & p G R6T %ﬁ%ﬂ%"* utane,
?ghbomth@leﬁeeaﬁd labgelyhd) W SuitdBe eidthodPRk ifedhing iniN@phous carbon

652,174 to Yin et al., the entire disclosure o
laygisi is fesczibed gotpo Patad NeebS7 #.0BY Brlefsemeélnf@eF an[b@mrr 94 alr An dune 3,

20(2%% edexﬂ‘g‘ﬁ { ésclogurggﬁv@}ldhs bsaiﬁgog'rggrg L g hlegen% E}/ At areB dﬁlition the
am@HiHouP lchbahi@ay bb AR, VA tshitsieé ena@nse fdrOfolﬁlnﬁigf @@peaﬂamoxphous

and 3B, a_ pattern conprising spaces
carbon is described in U.S. Patent Application No. 10/652 174 to Yin et al., the entire

disclosure of which is incorporated herein by reference.

[0079] In a second phase of methods according to the preferred embodiments,
a pattern of spacers is formed by pitch multiplication.

[0080] With reference to Figures 3A and 3B, a pattern comprising spaces or

trenches 122, which are delimited by photodefinable material features 124, is formed in
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trenches 122, which are delimted by photodefinable
material features 124, is formed inthe phot odef mabl e
woOayer1018®. The trenches 122 can be forned by, PETES2006/007739
photolithography with 248 nmor 193 nmlight, in which
the layer 120 is exposed to radiation through a
the phdtededinabld layeeh2@eThé opedes A22 e befongedby.el. @pﬁhbtolﬁth&graphy
ni n ot odef mabl terjal hot oresi st in
wily ?%é g&e% LRV HesloersIo0re axpried te a@aatggl through a
retid1E dnld! BRh' @Rpbl.NCR k24 elh o dClihe
only). [0081] Ilee pitch of ﬁe@?eelés) flﬁg%e@ﬁ%gﬂéi%ﬂotlogeﬁnable
magerird] phaorehist sutheofllushrated atbodofierd, Iforms thak Sathreheuch as the

. 'd f { ghborin ace 2. To minimze the
ﬂh\églhia{ i @%hgw%ﬁéé%?s *E%?‘h?‘& “f or med ulsi _né this
pat 1{@091] of Tméﬂ;ﬁfchla%‘%h@a%gnﬁﬂgﬁﬁﬁés 1&% eci] ?t&hh%n%@ﬁle%dth of a

at or near the limts of the photolithograp
ling d2fhrand tlee Wgﬁé}d of ® npahbmnrg dphes p2ot Balefiningbd thel calyleal dimensions

or e Bl R R DS LSO A e o

fAhe TS of iH{RepHRJI
T e R CeeRl B S il

Feu @@é@lhébbphc&@lnthegt‘aﬁm wzings248 mavight the pitdh dzfetheizmes 124

pltch tol i t hographi c techni
Cal}l\lr‘% enh%&t y“mbe r}fehg’h[g]ﬁrtﬁf%% rF%rmfnélin“m itch of the
ph&@ﬁtlfog&@hiéﬁéc}frﬁflieuérﬂ b ZBadel Phifeth |dYsch§b‘é& BRRSS cASadvaftageously
limts of a ﬁ)hotol i thographi ¢ technique are

haymppiseichrien t mmmlmrqmspmcszcthmpmmﬁtmmmm sechnigué.aAdfematively,

[ to m.nimze errors in
bess B8} BTt RRE oS b b AR e SpESuopRESann s tois of
a phBtoEltlﬁJ‘g’f@&C‘k@@CIﬂﬂ@le‘]ﬁe abBadRACHE 111&337— 124 SarPbEfRERE Ih){vmg larger
wi dened by etching the photore3| st lines 124, to form

feayasrb d-Ss PR @, IQzaman@ drigrein the pasmcrlh@qmuns of i lites 124.

[in 4 a r ef e usi otro
et cﬁlﬁ)g&f_ sh‘%’en antlﬁ e@% ngB %ﬁ ae?ﬁf éézi?r&‘ RE erably widened
byiermmgdme@hei@e@suﬁhéwlm 1@ FHALArAATHAHAIB A 2Dh 88d Bnes 124a. The
a SQ2/ 2/ N2/ Ar El asma, a O 2/ Q2/He plasnma or a

PWB?@F@AINQS pPA e prafpiablyx etehad ying ha@ iéofascbpic Sﬂcﬁﬁr tsf Eshatply those

gect hs of the |ines
fesdBHEC B, ORGPl S8 sBlne 8F ohBETtdp it e o
SOL/a,N ADplEetla, SPEIS/E), Helyl Bsmasr YWHBL/IAN,3ARNAC 'ﬂie%itefn'f 8ffhe etch
t he di scussion bel ow. For exanple, the width of the

is Pqef?é%blmqle@% s dhat dlr wédthe of fheolmeatidda agDsubg@ntiahyt esual to the

t VVI dt.h-reduci n
desz{égﬁﬁmﬁﬁ% e tﬁﬂ"‘g% @%ﬁg&? }J%)a)é% Tar Ponar endRproRs "g'fdd from the
dlSOlﬁdSE)thbekﬁv bBopasaiph, ehdiFidil of te 1pRRE1104 ChhBgFRBECo from about

chni que used to pattern the photodefinable |ayer

80‘1’!%@ nnhio abadt 49- %Hmt Hadentageeusty, éh@o‘mdﬂlfqﬁi@cmag@b ablows|les lines
f. thos
1244 B8 e i (e (PR G ehythCd BOROIg 9E by REESympgrophic

techmqueb&sedtto ipaterhahophétbéefinablel1dr ano! Hllifhcﬂ(ﬁtl@ﬁ thd6tch can smooth
tolit hogr aphl c technique, it wll gé)pr eci at ed
thet s Phitle Bpgh L efde shusompspviag the émé?lt‘féw thop ligptac #éhile the

cnt}c?a? thﬁ%ﬁéﬂs "kﬁsthé qﬂl@S 12115] G %Q eethleﬁ LANSS tlki)ee}e\’\gﬁﬁon limits of the

dentical points In
photohthographlc technique, it will be appreciated that this etch does not alter the pitch of

the spaces 122a and lines 124a, since the distance between identical points in these

features remains the same.
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features remains the sane.[0083] Wth reference to

Figure 5, the pattern in the (nodified) photodefinable
woOaywriole®®a is transferred to the hard mask | aper/us3d6/007739

This transfer is preferably acconplished using an

ani sotropic etch, such as an etch using a fiuorocarbon

pl agja@s3]al tW)thg’efe@emeto Figant 5, dp mattest i hha@yoddied) ph6todefinable

suitable if the hard mask |layer 130 is thin. Preggrred

layer (1308 cisr BesigTeds bn the darde H@Fﬂf deyer €3G ncThigidransder is preferably
nég% d 0084] t n
ac heﬁ%‘ﬁ'ﬁ% %nt%t:ilﬁoﬁ%l %td% hsglglg ﬁgtéédée% i nalgléedl ’]ﬁgoré?arli%glasma
althoeplt deveh @mtrcrms)kett}a;my als8lbd suitablenis filey hed rh@%{tlhﬁr 130 is thin.
ry | 40 to allow for deposition of a
Pfaf%gg %05%@3 Hn@iaémaapfc FrRpmpigtigy  inglude, aGFEeeﬁ?Fﬁ%unéFsH and
CE, N, t he tenperatures used for spacer materi al
éep05|t|on are typically too high for photoresist to
Wi t §808#hd. Whthsefeidnee paFigerers, itise putefreinahd yhdtﬁ@dfﬁxﬁ‘elb n8dr 120a
fr th hotodeflnable | ayer 120a to the tenp
angl ﬁ%#ﬂ%ﬁ@g aslopliysn 130 FoRHSIFTGH 19 et ERPSIErY faer a4 1o allow for
p I
B L o S A e, PP B TRhE o that the
terhjperatoges hiserh for spam me&ma$ t:laptrsehdnfmm typhiailgries hiph, fot bbotoresmt to
. eri formn rar yer 140 is preferab
wiflRlaBi, dipos dhpbifhat ' weH BT s e § 316 fayhr 1200
I r
to ‘ﬂfél t%gﬂrl?gleatr%ga Eﬂ%ﬁlﬁ%ﬁg@ g?‘fé’géds‘%ﬁdf“ﬁagﬁgﬁh%t &Yl%fétzgfd tge process
coafbbm@ fot Bnacma;w:erlalétﬁposuqm afdeatadb ldischisedrbelonf Iapddiftwtshaving
.carbo ef er apl tran arent car bon.
bighGh 883t 1 H sk e RIS ATEDHG BB SR et By layer 140 i

prdféBly sbRBRdiscPinal flcabby sélﬁéfﬂi%fﬁeﬁf%%& Ridhe tb @ﬁ@ﬁiﬁt@ﬁ)ﬂ for the

| ayer 140 using a 2-containing plasnma, e.g., a plasm
spagerst BiSr(Frayres), andzheawmledying @ichestorslayerabiDe Astrmobed above, the layer

14T Breb o oS o B e oKL be fasyrentfrghon

SO ai ntkg ?me@ﬁqﬁ thé rﬁb%lﬁ?edaﬁhdtéde@ﬁﬁblgtl‘&%rcﬁog qa pRdferably
the preferred tenporary |layer 140 at a rate greate

tlatlﬁanﬁectmo ttherdempovery lapere 1440 @ﬁmga&al@z-wgtaamlgrplashmn ezgo, a plasma

te.that .t.h h k | 130
Sl SR8 o i g Lapgr RS e b et
SiCRRIBN, MBf/Q%ZMCMOnthM%aSHaZ Aavabakehey e S@L-contammg

filed August 31, 2004, the entire disclosure of
plgsgnajif é@ﬁdmﬁrlb@ael dielr edrbotbof the oeafenietemiporany layeihB40 at a rate greater

B L e T

130 eereieedt he sﬁiﬁﬂﬂ@ S@E%G@t@inﬁlgl P 15280ribERen LS. Lﬂ’attélﬁ Application
lines 124b constitute the placehol ders or mandrel s

Nog |16/ 1.\ tenAbatghey teéﬂlh fﬂed épa@éﬁé, 2004, @Euegmeeilmsuw i whlch is

L I e R N

snﬁtﬂﬁﬁ&fugf}?étﬁlﬂtth@ fbn’ﬁpbrér? dé(}l'eﬂ q4bhedt LPRhdivg theyBbtoddfhable layer
expose or
120a. pThe resulting lines 124b constitute the placeholders or mandrels along which a

pattern of spacers 175 (Figure 10) will be formed.

[0086] With reference to Figure 7, the hard mask layer 130 can be removed to
facilitate later spacer formation by leaving the temporary layer 140 exposed for
subsequent etching (Figure 10). The hard mask layer 130 can be removed using a

buffered oxide etch (BOE), which is a wet etch comprising HF and NH,F.
-20 -



subsequent etching (Figure 10). The hard mask | ayer

130 can be renoved using a buffered oxide etch (BOE),
wohimhoie®sa wet etch conprising HF and NHAF. [ 0@8TjUS2006/007739

Next, as shown in Figure 8, a layer 170 of spacer

material is preferably bl anket deposited conformally

over[0@8f) os eNestyad shoes, in iRigireld) a1y Ohefrspaden sdatdray Brpreferably
bla}xig glnd t e%élgc? and sidewall s of the tenporary |ayer

L deprgit IRy OV FIafXPessY Etagsty Wekiding Hie harhmagylpyer 150

8Ghe & AdBIKVART oft HENGHSI ! tt L Oteri
anundeer?ol%yi ng har égn%ftst& Fay@rgﬂfggyé'llﬁg s@gergﬁagefrra gtre |r12”11| can be any
materifl drahohry act By a maesk e tehapfesingedpaticthioghe dnddrBing hard mask layer

oyerage;, 2) can b osited at a tenperature
15@-0#58153%6@“@6{%{1?4‘7@% P&} ge 3%39@1@1%}1 £9Ad Step cewmagse 2) can
beSRpEGHel iR teRipehede [BhBLEME With 'End14h0
e?n%g under | yien harglcrra@&ﬂ?dayér ?L Ste ?% e?a{yérdll@()’, And f) can be
seletivety etblsed nmbptivel® the téngmmary daslei téhamkirdiesyiapgdasi hbgkdayer 150.

nitrides..|n the i]lustrated epbodi ment, the spacer .
Prifgmed Feferiels BFIVFE SRk SHEoT AR A VIR IR | B fhsillustrated
ndBUAHNRARS s L REL L8R ki . . _
cnKARIRS 1L 0o b e UK 1RRIEE Slutr advntages i
combirhtids withrotisp aelectedmiterialalof thepnadkingmtadknc| ude

cheng vapor. deposition, e.g., using B and TEQS to, .
for @@hl cot e%?%’iegetfle%i‘ﬂgs g‘?ro_ﬁl?a(%,e‘l é‘ﬁf‘é?rlagéii?ag?lfl?r_bﬁ’fw wdgy chemical
vapil 8&poditidh] &GONusHEOH! &R TROKN: A For@X ¥3iE0n Wxidd Lh @IS mic layer

precursor to formssilicon oxides and nitrides,
depasitinac eiguelsing Fidicoi pukemees with anhexylgely er niti#@en precursor to form

i S s e ast beaed wpon. e Soslrsd el L T
deRuBHRY BR3EARIFBR I ®RBEred WitRh bANR spdctds 18 @igkel @}3' Iyorl;oe?(aémple, in

deposited to a thickness of about 20-80 run and,
theppreet exeniplyry cajwdimer0, 66 layer 1706$ erefbially depesitdep a thickness of

C rage i s .about 80%.0r qreater and, r referably, .
b S BB GRS oGROT Wb Ter BieeaY e gl gekiase is
ab&A 88NordBeatt @ dSinbieGREFeRK 1Y 8b R BOG orl R4y, 170 is then

subj ected to an anisotropic etch to renove spacer

mat ¢00831 f r WithHsfarawattalFigues 48emd1 9B, b silivonpexidd spacer layer

r | ntegr.ated cireuit 0, Such an etch, als .
1T AT aR Shlohot iole N5 PhaE Rl Afom horizontl
surffdcd©11 8T 3f 1heHaflad§ Toumed. iftegratc@tiduii100, SEA £HEtdh, also known as a

CAF8/ CH2F2 or CHF3/ Ar pl asma. [0090} Wth reference to
spacpgyelich, qam, be pafarmegasimgye flagresarharoplasmaesg., cempingy €B4/CHF;,
f i;ng.spacers 175. The tenporary | ayer

G SR AR

Py renoved using an organic strip

pro¢E®e] PrwhiwreRekngt €N FHRAM Githd Renpobsl UsRr 840 is next removed
oxygen- cont ai ni ng Elasna etch, such as an ‘etch using

to kseype frptrydingTapacers pi 2. c Rherismriopiry dayer d#0 isassldotively removed using

an g&%@gﬁé@ g&gog'regsl. ;ﬁ?tgﬁ?rgld lre cﬁgt rer;?lti %fs? 1nn$lﬁ§% geoq%g%%@o%tﬁﬁitng r}])1"a.sma
etchjwikcbbest sich ukingS0l24 and spaces 122 (Figure 3A)

originally fornmed by photolithography. Were the
pho?QﬂQé];i stThus, pitch multiplication has been accomplished. In the illustrated

embodiment, the pitch of the spacers 175 is roughly half that of the photoresist lines 124

and spaces 122 (Figure 3A) originally formed by photolithography. Where the photoresist
lines 124 had a pitch of about 200 nm, spacers 175 having a pitch of about 100 nm or less
can be formed. It will be appreciated that because the spacers 175 are formed on the

sidewalls of the features or lines 124b, the spacers 175 generally follow the outline of the
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lines 124 had a pitch of about 200 nm spacers 175

having a pitch of about 100 nmor |ess can be forned.
wonoosioieobe appreci ated that because the spacePeTARH06/007739

are formed on the sidewalls of the features or |ines

124b, the spacers 175 generally follow the outline of
patt¢re peit fee’rumesobr fipest Ui24es irothd imodiied 2dltodefinbise l'mjiéirfn@d and, so,

hat n ayer 120a a o, typically form
tYFJg‘ff@'éfgd 6305“'& I%Wénéb%a@geﬁggé bBYeRB AR fibgs 124Aodhe Smagers 175
ﬂn{hgﬁggggﬁﬁ§li75 forma first pattern 177. [0092] Next,

in a third phase of nmethods according to the preferred

emb @92t sNexd, secenthipatphasen of smethode chcomdingt he 1fhrer pteferred
ter 177. Preferabl the second_pattern conpri

PRl onsehpi PrirGds Terned G GPrERGPEHER TN Pirgerably, the

seJohﬂ f%%tt&ﬁt&)ﬁ{pﬁsésn%aturé% B9 tlbxl%]@r o8] FREARHP @ﬁefn%@ f?ﬁrbattem

ornmed conpletely, par or not overlappi ng
177 h elif jadditiopathee second 7patfe@023h % faidedwedhgleelc omaitially, or not

a planar surface is forned by
°V§§EB§¥3P%§“£Pﬁ%%%E?12|ng material around the spacers
175 6093] Or M aIRfvANRISb&InAPaltBNGE S bce i
l[JI‘ e gl A %e | ect |Sve nyq)geg?inaggg&ﬁeae? ﬁlggéﬁ‘kuﬁﬂce i3 formed by

derf%ﬁmda ﬁmahmgormwaah oyl thetspades| 1 15a0dbinpw planarizing layer 200,

as pggb‘%ﬁ]r lrllll he Se%aa}vg@at tfgrbaglq iayﬁl; re{ﬁlb ner 1‘11]1'(951r on the
lah@@shg A% ergH ol
p apr ot egct | f/el | gy er%wtzfggpf?gﬁgrée f&é t%lg@ec;)hﬂ g@ﬁé}gta{ 8 geltlpl?ery 104.

mat €H094] t hidte Idalnﬂrbmﬁbb’@d(]()\/mlgtektadblbedt teedtasi tald ak dhe spacers

175 o pd 3Gt MR Bholselfp 8% 2L EkEbl, rl é??fé'rmn%gr'cﬁ&%ﬁ can be
sel@givE BT @R d 9éladveSPl TP heaBhderd BfJ Sfltthy @el@&%lf&ﬁn%’i@ ASye1 220.

as a bottomanti-reflective coating (BARC).
Foygxample; éh%elhe%ﬁmgellayerc?@f)rcmbb oy exf’ a kpOy-ort hm reﬂectlve coating,

suc%%g o’ttgx% a¥1t1—r]e ec@glcg tl ay(gr%%éo ' S pr ef er abl y phot odef

resist, including any

phO[(ID)DS]Sl StAskﬁ@cW"thé @elts&?vegf Heﬁﬂaﬁleaﬂ%rt 1200 thd Be1&k deﬁnable
enbodi nents, the |layer 220 can be forned of a resi

layer, 22Q158 earefsrabbaph@tpdrsfn@bby %n@ormwplr ohe Ibllwcbregstapirryudmg any

f modi
b ot SR E ot B0 8 o S caRisghpoufy B Tk 20 g be
forina& of a 2R}t Anbleof pitiRLngbY B&Id-YnRiht ﬁﬂra&gﬁdpﬁynd t he
spacers 175. Such a schene can be enpl oyed where the

pat {0990k cdn @@ederefm@d pmbedimentay dhe pROaniing lgrod200 can be
omit{yﬂea%ﬁ'tﬁé/ sezf&?wwé}ed’e% ab:]e ]la}ygs?#(tcéan e o%gc? a}rg‘%&tqn and around the

roperties o

spad@“s IlWSd Suchla KafPlcen bé kfpiyeld wirtd tﬁ%tﬁa‘%@nﬁ Qah bBUHALY in the
be omtted if the material underlying the selectively

layere¥205ish goqdbiptagrippmd whese fife r@$félmqnye awrcemeht propévies of an anti-
reﬂ%&gﬁe&)ﬁr@o&% Hse n%t s%%&eFE)ro XF% € ghe aﬂtl {eﬁgctg g?é)gggg carrlrabe omitted

erned usT
if tlﬁmht@halhhﬁgﬂﬁﬁ@ i serRetivdl g ﬂﬁiﬂé‘éﬁq%‘e@ 2P@ s @Ffcié B non-reflective.

photodeflnable | ayer
[0097] With reference to Figure 12, the photodefinable layer 220 is patterned
using, e.g., the same photolithographic technique used to pattern the photodefinable layer
120. Thus, a pattern 230 is formed in the photodefinable layer 220. Where the pattern
230 is used to mask features in the periphery 104, the area in the photodefinable layer 220
in the array 102 is preferably open, as illustrated. As noted above, however, while

illustrated laterally adjacent the pattern 177, the pattern 230 can partially or completely
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120. Thus, a pattern 230 is fornmed in the
phot odefi nabl e | ayer 220. Where the pattern 230 is
wagew/wmsask features in the periphery 104, tRETAISE®6/007739
in the photodefinable layer 220 in the array 102 is
preferably open, as illustrated. As noted above,
ovefxethe pattei 1176 ofr bk usmp&teegd sdpata&l’daﬂrdm ﬂmzlpmmnn HEhus, the use of
attern 177, the pattern_ 2 can partially q

differmp efearirsvsrnapst(hé7 pad t2éPh for7thessy Paé@”@o#élcé‘leélﬂw they were
f. t 177. Thus, th f
oy AR B AGBE BB 22 57 (177 and 230) for these

pat t[ee983 i nWlﬁ]atﬂeepzttﬁﬁt n"rmfe&'&ﬂ}ehasrar ich &k lfaatiire ire émbulter than
di ff.erent, steps. Wil e the pattern 177

theymésrggLpiie mgesghﬁrorl@ﬁ tf&p@@éﬂhﬂ%ﬂt&rwcwq ysed ipfppming it, the

pa{tﬁ?xt i('golnﬂg hogﬂtﬁ%h&ﬁa litc ﬁ? g‘lba(lte{hh(sge goefquglptgror% %1{6&1261 thalg the minimum

pltphtot egsolufidh of tlef;mbaﬂ)ﬂtho giphicategidiqie wed f:oeﬁtmrtbatspaﬁt&n It will be
or greater than the mnimumpjtc

app@%rel@tﬁg%hsfpattﬁ@ PR dhs PWW%H?‘%%%%HW&J@ fgua dending pads,
traﬁlgigmst mtﬁl lg%ggo%ﬁcts ltc. W | | be appreciated that the

3 e 'periphery 104 can be used to form
| an C[Di)ﬁj)] padR, a fowathsplasooBmethodabecordingg Bﬁﬂhﬁ@@éfﬁ];recbémbodlments

[ 0099] g,? fourth phase of. nmethods according t
e

the, RAfIENISE 7 e BB A Ak TS, CARIIdaiadt @R naney 79veh Rplow of épacers and
sif RS GbIMALRA 810 S¥GlaPElPwW the spacers and
simu taneous y transferred to the substrate 110.

[ OlQﬂ]OO\N t Wit efeace td FidgargUi3,ahd Battdrh@3pad travsfer2dCoitlse same
erred the sa | evel ,as th tern 177 of
16@% Pz 17301 éPﬁ°§’i§nE73prA€‘ BREOBLARS oty BeHRIEneddo define
th&lfifir) REnRR RACHERE 125210 ahd'f RSOLEGE LY tud BUS foatures.

0 ‘and to al so op nup th array eat ur es. e part's
Thefpatth@f p)ha)pmdmhve ldyay 210 thhOarehmbraectedibp patect thd phytodefinable

of t deflna | e l.ayer 220 are preferably
i ped s Py ﬁtfg‘a‘ﬁ“ S ETOPIGeEh 1S58 fg, 3 HBIO;
pl&nt or a%@ﬁ&én%nﬂk%ao ITifs AL plePRLat ?/'?grnm%stﬁ@pro]—é@'tﬁe layer

etch preferenti all r enoves the protective |ayer
ZOQrammnd thehexidx r;mxeers r}aﬁ,ehereb_ymavmg émeda;palcea\l i7H gxpdse@e

sp ai@{ OS]’(] 17 5 r%ﬂ’?a [t(? }lﬁ‘}glu%e s/ éltr]% ?;P?;gl%rqrgffa&dstﬁgg ggr mask layers

ar@beﬂeﬁmt Qaﬂsﬁﬁ”’rﬁé eattérﬂewﬂaﬁ@mﬁ ddvid 18Rtk Br3Ba gt Byer 160, to
the primary mask zwa'lo,tofownannwdpﬂtanln

fornme mpixiedmattemeiskthe @ylmarmﬁmsk Wiveh 160G &¥ign odferenceFogliigare 14, the

177 30 f t t.h
vt dLRE g € iretre sk Biee hien o s bl B Tapk g 100 Where
thd E@oﬁ&ﬁ&ﬁ%&b@ﬁ%ﬁ@%&é Qf bdofo® sh1isdn, @t"'i@&)f?éi@ﬂe@ a/ anisotropically

silicon, it is preferably ani sotropi cal |y etche
etahsil mgmgee g2 H\erd @hd:omammgnpkaanm Byclphmsich pr&dehlyagiches the

fera etch he .a hous ilicon
B oA A6 e RS g anty oAyt beer
abBHEAY @hed 18 Matd ROWhich d dil® dxid dpabds 875 WhH &Ghcdd6ide third hard
silicon oxide spacers 175 and silicon oxide third hard

maplidiRS tESbeetnhdse et ched.
[0102] With reference to Figure 15, the first and second patterns 177 and 230

are cleaned. As noted above, the carbon material forming the photoresist and DARC
layers 220 and 210 can polymerize upon contact with etchants. For example, the HB1r/Cl;
etch of the second hard mask layer 150 can cause parts of the layers 220 and 210 to

polymerize and leave a residue around features in the second hard mask layer 150,
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[0102] Wth reference to Figure 15, the first and

second patterns 177 and 230 are cl eaned. As noted
weahowsapidhe carbon material formng the phot or eeTAS2@6H07739

DARC | ayers 220 and 210 can pol ynmeri ze upon cont act

with etchants. For exanple, the HBr/ O 2 etch of the

rt f

B YBhF nATRS ph R o oA SRS TG ok tirgs 177 and

2Hr avapekféreblyuiased by sthippmeodih drgade naskbdmyetaining material. The

150, causi n attern h VI n i rably non-unifor .
otganf gpatial %hﬁ?é'? oL ${EP ﬁ%‘% gmi?g%eglﬁﬁmﬁs%g afi isotropic eich with O,
m’nq; erably cl eaned by strl ppi ng of f an organic or
carbon-contai ning material. The organic material or

car bf9a0s} r i pVilaneforenex toRjguies h@dhe pattigns 479. anda%O are then both

tropic etch with I 01 h ref
e e g b e @3&@?%3%%” A i Bira PR o formed of
| aye r
o RSUAT B e, Mhep gl sk ashe | A/Pf (BRI B, i
flpre¢ababplysman pediretipiindidey GF g (dhFusAngnd @2 gnd can preferably etch
procar asma. . The f] uorocarbo

fl |
R 2RI e R PO WA eQ TR S A oM A GG gl can etch

thR'BiRhallide 8t £ Ml BRakk lhm04boaXh 018in@Rdns BRe AMRMRMOMS amorphous
carbon at equal rates and, nore preferably, can etch

sititren leydriléOns oxliede at a rate greater than about 10

3'55"9 fﬁgb%? r Eh ff‘éﬁ_l’ﬁlal Crwl:fl z?gtﬁg%t S S| J,j a&@&glo‘% etrrwgerred to
thi Ebtr tn%{rﬁ ?malalz {a 6}@9 468301 rt?an&i"eta mﬁ@fefﬁa@y E&o%ﬁsﬁd‘ BXRAMsotropically

layer 1 The transfer i's preferably
etah:togrtm pahvety bysla&ﬁysntl p@piretatdbly wsingian¥O1-brmigininggrigsma. Other

st BlonmPoien e Sodp AR IR e SR or sicuor

cdataniaR pl4dRia, RS Hgte@rab&lgtﬂé ©0Y, N34 thRlin Oplasth i pieBerably used as it

cont al nlgc? pl asma. noted above, the SO2-contai ning
o

h?p&l bestefolr ey axneyem?s@@caﬁny tforh@g Ayrosphdug Bqadoom?oﬂqﬁl@ gorimary
mi e TS RUPE e b e S TRE BELSS, SRR gl e mask

cAndLlosmddfh @6 Grikddy mhtEyerdl dohb Gk ciCsTRied el fBaKsfeiofhe Bask pattern
formed in the primary mask | ayer 160 to |ater

toefifee émbsvetey 11Q, apastielanlyy élmaglk Ip‘dtltﬂ@r mategialshef dhybstbsiate using

L ar
se:l'ecgb)l’v? FL eclhcéllléills fiésY aénldh\g% é etarnr'g| gﬁ'e}in t etlgﬁeﬂ,grysmg 15?%01&0 before

th\a@amrﬁgraay@mgtgb@pwm mary mask | ayer 160 before the
pattern transfer is conplete. e1£0105 Wth reference to
Fi guld03B, aFitlerrefseanag tt> rEaEe ek adter dekgetrgsfamgdytonths primary

mtaﬂé Fage%%br, ixtyg{c i B §nc}1 2;0 ?adtéarn:ggeggﬁqo ttlrlérjm\ﬁ}c Egtregqot\%mg the

0%usi n
lay&e1 6 spanatle @Eyar ﬂhaldssphwlm ﬁﬁtekmlsugp;daltwﬁseﬂﬁer fHiel pBRaty mask
mask | ayer 160 and the substrate 110 (e.g., amnorphous

layetr %@mnéﬁ@r: gIoiree Al Y fe.gi PnePhotsFRemag silicon or silicon compounds,
rersgescﬂgglﬁr tﬁja g)attellhhﬁalﬁ ce;‘&lnbet ;é%?ﬁ{/ earcco%i‘};hsggd u@ﬁgl étgh chemistries

using e thChem &
appropriate for etching the material or materials of the substrate 110. For example, a

fluorocarbon etch comprising CFs, CHF3 and/or NF3; containing plasma can be used to
etch silicon nitride, a fluorocarbon etch comprising CF4, CHF3;, CH;F, and/or CFg
containing plasma can be used to etch silicon oxide and a HBr, Cl,, NF3, SFg and/or CF4
containing plasma etch can be used to etch silicon. In addition, the skilled artisan can

readily determine suitable etch chemistries for other substrate materials, such as
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appropriate for etching the material or materials of
the substrate 110. For exanple, a fluorocarbon etch
woanpriosiosng CF4, CHF3 and/ or NF contai ni ng pl aBaQ®US206/007739
be used to etch silicon nitride, a fluorocarbon etch
conprising CF4, CHF3, CH2F2 and/or CAF8 contai ni ng
coplugtors inelnding alsmihuiig tednsitionihetelsn ank itdesidog ndetddBhitrides. For
Clé, NF%, SF _and/ or, CF4 cogt injng plasma etch can be
CXIARE PP WPEHILTYOF R can b elehfdisyg 2 Hypgocakhon & ar t i san
can [6rRafli | it 4l 86 FhhRciatdt tRR!herd A GHEMEST {0 Estufi®des tayers of
_other substrate materials, such asconductors,
diffenert utiteripls lamvicenssipn tof differdrt chemistrids Sprefunably daREtH tlmistries,
tal .nitrides. . For. example, 1.al um num substrate can.
carp e Qe e SUSTEFRISIREIF (50 SRR E6R CHEM 1oy 68t Single ghppisga is not
suffiBRhe® Stk dllthatirnhal il s URSE Ak, 14Q @%Hﬂa{e'dstﬁa depending
| ayers of different naterials, a successP n o ’
upeyt theshemistiylve rhenisiriss psquly Gfeespaders 1 Hr andethe hard mask layer 150 may

chem.strji.es. can e used tpo successively etch through
be t%(éseg ‘ .di(ﬁ‘nég e"WBOfPQ%r §a,‘rg?’? fgr ot g@an"trPiePﬁééli rgyet s16{t however,
adx&kilfa}’gb&isgnbfﬂa@ &elfer@rbsidiifoe dof cfo%‘iz@xﬁiogigf;gﬁﬁ'&leﬁl'%ﬂeiés, especially

Wi al so be appreciated that, depen upon t
thogheseiddor siclung eticpn-sontiismgusaetials. hEhusptheqrisnaty MasinthythEs0 can

Iy sk l.ayer 150.may .be et ched. 1.0 nmoy phou
ot TR o PP ot il s pboI SRGVBRBe Tayers, or fo
formihRRishGRAELS Irati P TrEfhes. © 1 8hAiBRA, heSieh U3GEIeL %attem 177 and the
conventional etch chem stries, ‘espécially those use

pattegi 23Q £&9vmed byi dongentionalrtithography cmatsemikdreousthbs frandferred to the
' | g 0c effecti be. used .as a
s TS5, JTRRl L R0 Cob LB VP Y, Detied s e
| ayne7] or Ih WnefexbibRg thd S&huasRest siRtrh@ 15%&?%29&’11(% can be

addition, the pitch doubled pattern 177 an
etchpsh wsing varawisfestnelpntisirien rwtaelt profiabbly iantsoyopiptily eeln the various

[ b f dtath trate 110,
lay%g-g#hlteﬁsgﬁcg?% h%ler ?g@agc?agz & {ratlrggeds Hs%gg F:?@}&%;d{lgﬁn%‘ al a preggure of

abosit BglOendoat) withegboul Q8GE50 R atOfRir & péidreand! {1 ub 8A4BDGRatt bias
of substrate |layers 1 10a-1 1Qd can be etched using

Powesy the polystlican dayieril L9t passeteligl behnsireed BiBaitflly plasma at a pressure of
' ' . ous |ayers. The sujcide :

R A 8 T

povpare sisu beidednitaldewkids- (ENOY %fngoﬂet fay@Pqube 290-R58iched tusing a

gﬁrc? power and about 50-100 watt bias power; the
CF% $o e Plymaasict Preseire f @boehéd OomTosi rigtha abiBit/ G00- 100 watt
I 10- 30 .mlrorr ...w t.h a
sorlsBn 2 Aol 225408 30l RS 31 Rty iy 5P 4208 can e
etchpdwsing at HiBr/HeiOd elasintar dt d @ré3¥ird @ £ AENO1 0. BOMRDSH +@ith MK 250-400
HCOc can be etched using a CF4/CH 2F2/ He plasma at a
Wath3qrues paw g fnd pRavt 59-190 Weftdias powier-h about 600- 1000 wat t

sor POV - 40 tt bias power: .and

 nOUEBD OV SFRaAhl e 050 1" ] SR oy B, e
spa¢dBy /LR /céh Depleaired dkfore pEAS SHE Qriafarp ROk 14T 8G0 MOk dnster the

W t boyt 250-400 watt_ soruce power and about 50-100
pagins | 78254 238 fehe byt 11t Fao v alic eraforablyguriomnel using an

etcH SIRAVE f(RRS §E&H 1950pg) SERLR, W the spacers 175 comprise a silicon
oxide, the spacer removal can be accomplished using a wet or dry etch, eg., a wet

buffered oxide etch or a dry etch using a CH,F»/C4Fg/A1/0, plasma. As noted above, this

spacer removal can advantageously straighten and/or stabilize the profile of the features
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spacers 175 can be renoved before using the primary
mask | ayer 160 to transfer the patterns 177 and 230 to
woOherssiob®srate 110. The renoval is preferably perfuseemedor739
using an etch selective for the spacers 175. For
exanpl e, where the spacers 175 conprise a silicon
formxnglthe Hatterns 3¢ end 2&OT@wRdcialigwHeee the Cenles sieaalldtshaigoaimal for

t grsﬂ)é etch, e.g., a wet buffered oxide etch or a
“Qﬁ%gt? gpdd0a CHR2F2/ CAF8/ Ar/ q 2 plasma. As noted
abovy@unot hi v
SUPIG00} 0 ERRFCH HoRNY Srudttl (KA EHIGIG the subsuate 110,
Asf gatedinbsfeprtig sgbstthie pEY tar bs ahy Mayen bf23Merids@eaiatdrials that the
he, feature re taller than optimal for etchi

wher
pati¢igs iﬁoé‘?‘? 28 arp1gschep Gai99] s @m@%ns%h% Slﬁ?sgreﬁedéw@a%epend
syt ghehl A0yd REnsHbS t
upggov% &@%%@éﬁggtrate %1%;can ge gﬁ% %5§%$uoﬁ§hg&é§#§rmello
compnsmtaemhaﬂs layent 10he pdydilérondags 2 18bdar? 3k dednéiride-okidd (ONO)

into. .The on of t substrate 110 n _depend
cmaBemfe lgyeg 110¢ st & Plogitne st (S o mgare g ik Pltrtﬁa gight hand
51db brfh8 Lﬁ"fﬁrel%us 1S eﬁé’ebéf [a%z@ ﬂn]rgs E% ck Zsﬁﬁctaga?tU'(ﬁGﬁj Control line

| ayer 1I0a, a polysilicon layer
llﬁﬁu i |that|adleth@mﬂldﬂra(t(d\lﬁ)atmmsﬁobﬁed ay éle kkDay, aghidhomgh the SG

S MR P R
patﬁé?ﬁ 780.2 Sa e b ﬁrr%‘éeﬁféﬁt e geré 6 b& A LAA Feddsﬂﬁus’é@n tﬂé’cﬁaﬁnatlon

that all the illustrated Teatures are ocated In th
of, grg.,aacongbl gaveistack foe NGBV dlath wemoisne HOe has a

I ly | d 0 in
et THAB .2 ek e e udacGs ShBR oLiFPHbaR e tpetness
In h@lﬂﬁé@ tﬁ@&eﬁ&e@%’rﬁ{éﬁqg QR ¥y élﬁ)%deﬂc’élléﬂi%nﬁfgﬁ% | QBn & the low
a control gate stack foor NAND f nMenory.

100 @:nﬁfz)l}chr\kﬁ@eam Hieature h@ekpwhedd sAﬂWaﬁwoeﬂm thige results are achieved

wh‘flx %ﬁsg)h onal | %@%— \évﬁr?e? g@,‘ﬂgﬁ?ﬁﬁ, 1@3{:}%%%%}}1&6% W{ucﬁ can have a

widiBl sﬁ@’ﬁﬂb&tn‘ﬂy ¥a8r @ant ilﬁ)u{ Q00 1630, BB, pzlb'bﬁh 260G the 111ustrated
feature size) pictured. Advantageously, these result

Strl&l’f@eachl eved while also form ng well-defined and
ich.can h

Si gﬂh?fltant lg btggegjg %%&%%%%%alwf é‘ms %1058{9[111% to the

prez&ﬁkdrﬁﬂlbddiuhﬁﬁs okblSivhah @t fvhMESdd! For [eQa-ﬁliél]e tHe éMlktB/ t®Qeposit
appreci ated that the formati on of patterns according

thetsgcquideangrthird haraneskarirsreF sndf §ertdowtempenatires of, e.g., less than
T e T D ——

chéngioRlEinteigtityest e, anforfhous! ASSont 1336 BINO UM 0BRMRE thé i) hard mask
preferably, |ess than about 4000C nai ntains the

layes 9% cam arovadel achdier dmprptﬁ@te@m qwomhomh@rm taybo el from etch

che g@%p ellng%gf éo Ve:]ng Pg %/a?eir%ﬂsp " Van argg%lps?yaﬁlb n%ﬁé&lércy mask layer

158 anden ovaleig pakriy ﬂ%@bl@ihe@hﬁlﬂhcﬁﬁ fah @&sir@FIp! fiRramorphous
over |l yi mat eri al s. Advant ageously, the third hard
carfes &ayprm}%@ Thus, the definition of the patterns can be improved and unwanted

materials, such as polymerized organics, can be effectively removed.

[0112] In addition, because multiple patterns, with differently-sized features,
can be consolidated on a single final mask layer before being transferred to a substrate,
overlapping patterns can easily be transferred to the substrate. Thus, pitch-doubled

features and features formed by conventional photolithography can easily be formed
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155 all ows overlying patterns to be cl eaned w t hout
undesirably etching the anorphous carbon | ayer 160.
wohos/10tdee definition of the patterns can be i RpT@S2W6/007739
and unwanted materials, such as pol ynerized organics,
can be effectively renmoved. [0112] In addition,
cohgeaidse cacd bihpl. eMpadol @t BSeviddrit fin Bigufe? @ rikbaptidhIBsmall features
features, can be consolidated . on a single final mask

can by Sprmises pivde ghihsgame divag ashicving excaptiQnsdy de dine edge roughness.

whY %ﬁ%ﬂgﬁ%@%&%&&r f13s ﬁélga %‘ﬁle d@c@?ﬁv{lg{ése; EE E@%hh&sﬁme result

of fd&r tecbflijte CayorselOi amﬂanl60p mehaingt the gpz&ph;yl TSaandegesioytingemultiple
formedconnected to eac er, as_evident in

anjspiepie chaes &(Eré‘b“tf‘?rothﬁlpﬁ?ef&%éﬁ a%&@@rf@%n Sagnlenel 9fothpdemporary
148 8¢ PRBRTRalt MRl ] U S EBSYEREI 1 G htevca 1o
benefidilyl emeetht that susfacds bbwhd ifeatured gerntinglghagatteins ¥eand 230,

result of the use of the |ayers 140 and 160. Form ng
Meig@vesp et e&ﬂ?@ AFEPO8 ©CaRN MW&F@S dielosed Eﬁﬁl&l allow the

usf F%?ha%ré? arsl@ LRI sulch s Fh%tléeﬁE PBOH?O,%E@ 1930181 H{éedepth that
eve t nporary [ayer to'the primry mask
untaijpeng Qﬁﬁrpimds térbon fayetsh eucmuzta;sﬁhle dtyersl 140 ance 16@|dreeetied. This

ad{’ﬂg}t%%glgsfli’ %lléoa L ”yggst I%Epggr}gbl A Cr%%fﬁ(,) %?n‘{ tﬁeétweely etched. In

ad@i’h@fl G&Jn%dg A% r’cﬂé‘| %ﬁtl@%@ %h%ﬁégtlﬁtﬂf fﬂrscflé {Bersk $S |tﬁ’e9§l§jotore31st

herein allow the use”of rd ‘mask | ayers, “such
laytetsein| Fagee §) ﬂz@ﬁlylﬂéthp baridnd&Tayee$ aeireduced, sitve thiepard mask layers

h Vi n hou arbon la such as the
13b &t@r@gig 911%%1%0 E? StCE‘?dg iQegreaf ﬁlleét?‘adv ant ageousl y
al | qu#3fhe 1t @Mﬁra'i\’sol‘tf@a@?éixa%&pthtapvﬁfou@ﬁ&lﬁ@ﬁioh&' o illustrated

effectively etched hi "additi on, denmands on the
proctenflow wc—apm;sbiec hF g ekampleypitop rhuitlphhbpdt@yresrtsp1(:d1}gfonned closed

oo KEPOEIE S claoah by Shies FHabRaFG e A BT pE R Randrel
cOlaS ue&@;@ #ide 1&5 ﬁ&hn&hltiﬁ’i@&i ﬁa&e&e ieusded tf@n@ Bh8@kive lines,

[0113] It will also be, appreciated t
addlapnailmomdng s@as amrmef@fabtmwed It gt cvféttlmderms @xf élwe fidapw so that

i bl I I ti tt
e SrBF TRl B el BbsoBil PR TR S BB,
ex£@f>1!3e GY YrnSRR GEFrStebiivd mh FREn@ kN Partshsr 8! line®fio Be maintained,
mandr e Consequently, where the pitch multiplied

whiketetehing awayuthe dmprtdctadnnde nflthetmasss. Anwgtablgdaithobivalcutting off

e S bt SRR BT or bR AR NG I 118 Tran et a,

filkdApisd 98l 2000 0Me 60 AECRAureiof §hich iR itofRPatBEbe reference herein.
acconpl i shed, for exanple, by formng a protective

mas HOEkdundint ddditiparte forofing gese pinieed staokshi Vﬁaubﬁtaapmeldted that the

ile etchin the u tected ends of t
P FUPO RS (O SRR ciPf REEREclofTany Hssociated
intt@ARY dirguil ifSelres @GcH 4% lbhcﬁn% Eﬁse% 2 1 C add 918 Bebw top views of
10/931, 771 to Tran et ah, Il ed Au ust 31, 2004, the

aneintdgrasediciewib aliee thef ctahing wass thenersspef sicelbope to form individual
cog&uo%yg lll‘(l:te herrke?;s I]{lt[gblmreljﬁ]j%b%logﬁgtg% g?c?s oft t%F a(gc%rpg] £ xgneczﬁ w1eLh landing

pads for each interconnect, while Figure 21B shows the other end of the interconnects. It

will be appreciated that the magnifications for each figure is different. Methods for

forming interconnects and landing pads are disclosed in U.S. Patent Application No.
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preferred enbodi nents can be enployed to form

i nterconnect |ines and associated integrated circuit
woeeatotwe®s such as | andi ng pads. Figures 2 1A BQ@URR®6/007739

show top views of an integrated circuit after the

etching way the ends of the |oops to formindivi dua
1093 Ut t tov'Erannéreals ofileé cAsgusFi3gure0L thA atiomslischauends which is
. of the ps formed with | andi ng pads for each

%oq
nqogpapied ARret bY SRRTPISeFi gure 21B shows the other end of
t he i rco t (PORYY! ' t
gy Tt anaH el tezephtcplacin@Rhe GRS b 1P gan bo more
thénodoubdedmi Bor ¢xatmple shepaitesn AT chiabe ifmghep aitsh amdtiplied by forming
disclosgg in U S, t ent I {cation No.1 %9 1,771 to
SPAGELS, ArQpn |tf’16 FRACE§ gﬁlgep relovigothe stpﬁ%er%ﬁ? o, then forming spacers
SHnRAGhO $8Ho6rs Qhat Whir& Rorkrid i .
o S B i Y o) AR TSR ATe: D Phon el
mgthad forofurthke pgelt teultiplicaflor an direusved én tTSN Pdtemb Ned. 5,728,810 to
exanmpl e, the ttern.177 can_be further pitch
LORaPY ih "ed‘?‘b?de?tb%vﬁb‘iles B‘ic%”F@e“ﬁPo%’ﬁlﬁPdPH@%é A ety anigggously be
appl& LM IpdthenSPRERKS B4R, JiRGN MAfIFiBE SRAC&bAventionally
around the spacers that were fornerly around the
pheiodithegraphicslly alefined featured\nthexpatisier ¥ 7Tendo23d @an both be pitch

further pitch tiplication. is discussed in U S
migtbliior i hie Bheisnicel® o P mitRRE acdi i on.

whi ligitdpe PEREQNES R ItHB Paferd 7 AYAM REROMSIMshRlated on

applied to formpatterns having both pitch nultiplied

thea pdmeuhwask ilayenl16Q ipldesicedi t o guchpdrisesaladitidesli mesk layers can be

aepifted bFisgh B B TA0RI(0 308 R dnuf Bedohmp Tz R 230 can be
trafbfetrbdld eRbH@Rondl QAdkR]ladd reMPhg tROL& AL/ BYW] 150 and then the

patterns 177 and 230 can be consolidated on the
seqirenpmeistepadiugtraiedrin Famresf 1 1dks¢and. petformsedto matseisthe patterns 177

htional mask | ayers can be depgsited between the
snfl 25t o B3 RS el o BB EBRTRLC R B ol O Gmpeter e
palld¥s €Rthel@bitf $T®r TR addtichl achdk UdyePplefd@sil cbAYBEes a material
overlying the hard mask [ayer 150 and then the .
that can ba celepiively eished ralajivertatthathird rmsyupees 159-and acpitepive layer
Q t atterns 177 and 230, tq.for
g Rk bR 327 S o i TG 8 ey 0T mas
laygnd to transfer the patterns to the substrate 110. The
addi ti onal mask | ayer preferably conprises a materi al

t hatl0bdh belhsddiion; faepyefenedrmabadiments oan herermpleyddandltiple times

. (o tive | r.th sur.rounds .
gl Y 90 0L eBLRER Y A il A ARG ltores i
plirhigtyasidildyepnal webtsdal |18yedy, . whidh ldhy |6t d€dickilPrtontif®us or non-
preferred enpodi nents can be enployed nultiple tines

coptigioyg Had tverisally sergraiede d I pechiusases zaelt ehtheomdpidabieyels to be
' . i pli f eat L. | [ f

o PAT ETILY BALB, SO Lt s o

oveotitiigdieldsiableveion Wopdticgiedlslt anll aloIbd giprédiats® Bt @Lpharticular

In such cases, each of the individual levels to be )
composition and height of the various layers 120-220 discussed above can be varied

depending upon a particular application. For example, the thickness of the layer 160 can
be varied depending upon the identity of the substrate 110, e.g., the chemical composition
of the substrate, whether the substrate comprises single or multiple layers of material, the
depth of features to be formed, etc., and the available etch chemistries. In some cases,

one or more layers of the layer 120-220 can be omitted or more layers can be added. For
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patterned woul d constitute a substrate 110 and the

various |ayers 120-220 can forned over the individua
woOevwl1oi@sbe patterned. It will also be apprecParasg2006/007739

that the particul ar conposition and hei ght of the

various |ayers 120-220 di scussed above can be varied
exaﬂlﬁﬁ:?ﬂﬁl 18gr U PO BarbP@nhitied ih easeaphére ¢1m lnamh maBl tayersdi¥p land/or 155

e thickness of the layer 160 ca Y i ed dependi ng
sl T 5

are ﬁlkfﬁﬁle-’tﬂﬁé adequstaly grart?ﬂ“ertarpétt%lﬁt&% e t he
agk@t C%%os(ﬁéfl{lfeo‘%r&fes%l Mgk %n%ke{ﬂ&ﬁf 14y8®& preferably
e conprises ‘single or tiple layers o

1nvc51%£ Eiching dnhendiglginy aferf eatcassam thoouph fhermesd, lagers .can involve
and the avail abl e etch chem stries

subjseting ﬂaé/eISa%#eﬂmg the @flqsw@fersi@oa%%?ne&?w@gt% FRE{Ctjorp process.
nor.e e I

o Bl 5187 g T et M

wetagielhiag, ib.Sthasughsthb sk éauerst mdaquumdeﬂymg Aapress. efn gddition, the

pattern to the substrate 110 0118
maskplrazzs@"ég%n g usedis GUHIP PHRAT S b RS W?Ci@%lféyn Bolifiing (CMP) or

#& o PBnkr@%486n and etching of
ol S YA 57 RLE D LADISE A Pl ion s ccting
the Smbd;reﬁlﬁg Iagex’s a@sehs:usmdm \S. Pgovtitienat®etent épph@tlm Ngn§0/666,031,

em conduct or fabrl |on For
Flog RSB A0 DA SRR 0B TSR EPITSR o BT LS herein
dOpL(ﬁ? de%%bféi rg%%r f?rwi‘ﬂeﬁe %})ﬁﬁbﬂaﬁd ®} €hosk Nikaleghint he art that
ayers an o underlying layers. In addition,
Varldme ones konhisgienss addlﬁohman;lse@dﬁsam@tmpy be thadertp he mgihods and

hem cal nechanlcal olis
StrggBRPb ARG A O ey ST ks oPe R fon. Al such
qb fhileyiadeant ke baYIy Eavefigon, as

e fg%ﬁégégkigﬂ%ﬁﬁgeﬁig@?g?%ngl Pat ent Appl?%ztlon No.

defaiddGeGhORIpended dainivbr ch 28, 2005, the entire
di scl osure of which is incorporated by reference
herein. [0119] Accordingly, it wll be appreciated by
those skilled in the art that various other om ssions,
addi tions and nodifications may-be made to the nethods
and structures descri bed above w thout departing from
the scope of the invention. AU such nodifications and
changes are intended to fall within the scope of the
i nvention, as defined by the appended cl ai ns. WE CLAI M
1. A nethod of integrated circuit fabrication,
conprising: formng a plurality of mandrels over a
substrate; form ng spacers on sidewalls of the
mandrel s; selectively renoving the mandrels relative
to the spacers to forma spacer pattern defined by the
spacers; depositing a planarizing material around the
spacers to forma planar upper surface; formng a
pattern in the planarizing materi al;
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transferring the spacer pattern and the pattern in the
pl anari zing nmaterial into an underlying upper hard
woasde/loesper to forma consolidated pattern i n POB/USPDEN07739
har dmask | ayer; transferring the consolidated pattern
into an underlying | ower hard mask | ayer; and
WR CiadMerring the consolidated pattern into an
anor phous carbon_l ayer over|ying the substrate. 2. The
met hdd o r@?f[a?wff}ﬂteﬁmdr@wugé%wag?rh GOSPFFBBI ng
organi ¢ gpLerd Al fderhe dosatd @casaf ter formng
the pattern |én?t)ﬁe %F%na%?@?na mfterl&gdl and before
t r ansf er farmdng dpecapac edewalld ithe magditlie pattern in the

pl anari zi material.into th nder.l yi ng upper hard

mask | ay éfgg"t n?lyfﬁ’éloﬁ’ég LRl Safﬁlrﬁ"i%/ B g‘fetsggf‘rers to form a spacer
CONPLiiceh Behidea®shesdabds, t he consolidated pattern into
tthsubst rzlalt e.%@’jft. ﬁe nethod of Claim1l, wherein

form ng témsiiingragllatayizof nneerihl etaing dimgpspasas fo form a planar upper
phot ol.i t hographi cal | y defining features corresponding

to ﬁlﬁgacﬁ’andr els in a photoresist |ayer; and

transf er gingh Ay Pl hE PRy mhREaf cat ures to a
tenporary layer underlying the photorésist |ayer,

wher ei n tresfigfieg thaspacérepgiatt enchthfeqratteth imythe tpdanarizing material

feat ures defines the mandre in the tenporary, layer. .

o i SRR IO BPGi T Aok P 40 R (Do R in the
in therBhAndkk Zys9 material conprises: depositing a
photoresi st |ayér over the planar upper surface;

pat t er ni rigmsfesinghtbe sresilidated pyern intecinr envisfizgingi lnget hard mask
patte t he photoresist layer to the planari zing

mat 6. A nethod for form ng an integrated

circuit, yeRNRFihgi Me: cdnesiiafd PRtAADIRNAHSaRSHRON kaBeh layer
over a substrate; formng a | ower hard mask [ayer over

t heowrbiggidasubséirtson | ayer; formng an upper hard mask

| ayer on-.fhe |.ower. hard k |ayer... formng a . :

t onpr ar o7 SRR COR L TS S Etin SEHEb i Bponic yteria from
expicld ROrfaceki 4% foahthgBSKpdtBYein OUEr plhhei g BRkeMaY and before
l'ayer. 7. The nmethod of Crai m 6, further conprising
trespssing i the stagshqradeas ped theypettern in the planarizing material into the

underlying upper hard mask layer.

Poend

3. The method of Claim 1, further comprising transferring the consolidated
pattern into the substrate.
4,  The method of Claim 1, wherein forming the plurality of mandrels
comprises:
photolithographically defining features corresponding to the mandrels in a
photoresist layer; and
transferring a pattern formed by the features to a temporary layer
underlying the photoresist layer, wherein transferring the pattern formed by the
features defines the mandrels in the temporary layer.
5.  The method of Claim 1, wherein forming the pattern in the planarizing
material comprises:
depositing a photoresist layer over the planar upper surface;

patterning the photoresist layer; and
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over the first hard mask | ayer and formng a

phot oresi st pattern in the photoresist |ayer. 8. The
worbttsadies C aim 7, further conprising transfePcrmug2dbe07739

photoresi st pattern to the first hard mask |ayer. 9.

The method of G aim@8, further conprising transferring

t he phot tuarsfersing izt pattiern indh¢ preoteresipdayer yo thaypdamatining atamerial.

a pluyralit f . features and vaoids. in the tenporary
Fayep <10 Tafied HETHGHTE A Slea PG Cupih CHEPHEBRpr | ) ng
formng sgag ﬁlaﬂo@ﬁg@/&mﬁ 1er bD& 4 £BRARATY | ayer

features 11. e nethod of O aim 10, wherei’n form ng

spacers éunpng s tesver deposiskilagr avérayesmafphspameron layer;
mat eri al .around and gvgr fFZt ures_of the t npglrlar .
layer; ahd™8h LbyRRshRRdmpask LAenothfhed per hapd pag a¥%:/facer
mat eri al forddng 4 RehpRerH ;Peﬁ'epévegt}fbi dﬁpélq%]a@éi mibdlc 1afyb: Efﬂrlfr

conprising preferentiall'y renoving the tenporary |ayer
rel at i vefamingefisspherdmsask dayeoovar thetempormndiayer. spacer s,

whergin e free-standing.spacers form.,a spacer .

pat t &r n. Iﬂ}% meﬁ] ogi ?é@ﬁ% %pfur 35F?Hjli’??ln%\ﬂgﬁoéﬁwgfaoP]?ﬂt?FﬁSlSt layer
otdtehdhBt Bira Shask 1498f ARY iﬂnhﬁlﬁta'}ﬁloﬂﬁé%‘is‘? b&%drR in {RY8btoresist layer.

conprises perform ng photolithography, wherein a pitch

of thRe fride methadiofd lsipmdefgtlics compsisingdranaferring therphotoresist

' hot ol i t:hogr aphi ¢ techni que used for
pﬁgetrh?ntbntglg{ Sé%%%ortﬂ%srkely t pattern. 14. The nethod of

C ai ; 12Th¢ ndsdhod bf OMfn §0RRIHES chipHARE SHahbRFirR the photoresist
| anari zi ng | ayer around the spacers, depositing an

P | N
Patempfo tedempegivsleyardy dprnby ehuralis of feshiaed ridepidsinethe samaporary
m ng a second pattern in the other photoresist
ayer. 15. The method of C aim 14, further conprising

t ransd.er Thghettod FeCiaimd opatritef Borhpridife fihAReEpa£tRDn sidewalls
| ayer. 16. The nethod of C aim 15, further conprising

OQ@QWW?WA@WF?@%%CH and second patterns to the

uppef ha nask ! . 7...1h thod of C aim 16,
furt her {gfgenprl gflﬁg&ﬁl%ln@f gk ?ﬁeﬁ‘gﬁggﬁgﬁésgaacgésrCogﬁpdlsgsecond

pat t er nsdépositing he laippeir dpacd MBeKal apwend tadther | feMBfes of the
hard mask | ayer. 18. The nethod of Caim 17, further

con{sFIPSTaYy 13585 84 i ng a carbon strip before
transfergi

: r rns fromthe
upper har &Mﬁg%%}lgggﬁﬁ (gﬁ{%g&ﬁ%\?\gr eﬁ%%%gﬁgsk | ayer.
19. The Tisd mothodfof ClaimMOldr OF, fildher tomphising pRAREMEHGemoving

t ransfer ri ng the spacer _
the temporary layer relative to the spacers to form free-standing spacers, wherein the

free-standing spacers form a spacer pattern.

13.  The method of Claim 12, wherein forming the photoresist pattern in the
photoresist layer comprises performing photolithography, wherein a pitch of the free-
standing spacers is less than a minimum pitch of a photolithographic technique used for
forming the photoresist pattern.

14.  The method of Claim 12 or 13, further comprising depositing a planarizing
layer around the spacers, depositing an other photoresist layer over the planarizing layer
and forming a second pattern in the other photoresist layer.

15. The method of Claim 14, further comprising transferring the second pattern

to the planarizing layer.
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and second patterns fromthe | ower hard nmask |ayer to

t he anor phous carbon | ayer. 20. The nethod of Caim
wa2posftorddber conpri sing transferring the spacePCamg2006/007739

second patterns fromthe anorphous carbon |layer to the

substrate. 21. The nmethod of C aim 20, further

conmpipsi Aye sedtbat of Ellaimr Enofuithe ¢dmeprpaceasiaahgties spacer and

etcin th ubstr .2 The nethod of Caimé6 or
Sicém g ﬁ’tf‘ﬁgp%eﬁg‘(?@rrgas #%hd i n spaced, generally
par ahlzel ThelRsth& of C18me1ANRHNGT cRlprisBRASLaREIMNEE The spacer and

first and second spaced pl'anes extendlng per pendi cul’a
seqond petteapafremshe agper itmd mask hger of thelaverhasl maskigyer.

wher ejn et rary .| ayer forned .of a hous

car oo 25 R hB Y it atfhet GoERsicepTIoTNg & carbon stip
bERRS tr&r@'férﬁﬂg t&%gﬁiél $h9ecoh@® ‘bﬂ”ﬂté}ﬂs BBmAIR LHNR llﬁﬁrdclﬁﬁgkquer to the
| ayer over trate; and depositing a hard

lovegy derdomasktlayeanor phous car bon Iayer at a tenperature

£ o Sy 3 B B e e

afd bdce A pAterd e |t1€lﬂow%16hara_ Hﬁlsﬁﬁiy&ot@ tRd alﬁl)f}‘)hmxszo%rbon layer.
wherein the oxide is silicon oxide. 27. The nmethod o

C ai AP25The npghodapl Cédim Haefutth@m@maftrmm fransfesdsg theaspacer and
tho of, d r.27, wherein
S%% g’at G%S% 'ﬁséh%am%rpn% Ca 2 é?yegg%@s S8 g aBaerf ormng a

pl asoh em‘hélﬁﬁﬁﬁo@fbf@lﬁﬂlﬁ Z‘Oaﬂﬁ’ﬂ’[héiledb‘iﬁprisir%nsel@weﬂ}hl%movmg the
met hod of C aim 27, further conprising depositing an

SRRcREDefeae efching khq swpetraten the hard nask | ayer, wherein
the oy herl“hgqﬁ&hgﬁi§¥ dlg\%n: 6 bt l% 1% noémeanﬁgarcg Qlo?u)é?%i B]r spaced,

silicon or an oxi rern

gtrveal bxpagielel sclitivnne bnohnethel aftﬂ@fsﬁﬂ%tw@@i Bist Ald fecOM §Ja8ed planes
hard mask | ayer. 30. The nethod of C aim 29, wherein

Hé%%?‘r“rﬁ?qlﬁ)éafd?ﬁ@ﬂpﬁ%ﬁiﬁ mask | ayer is perfor rred at

| essyf ha e f Cl ai
wher e|§ n gepgﬁsﬁ)i :d%OI n@%mg{i ﬁéﬁghgﬂ%te e’ﬁ BYEF] lfyer is formed of
aperphous@db@t. | ess than about 4000C. 32. The met hod of

Cl aim 31, wherein depositi ng( the other hard nmask | ayer
conp?‘i’seé mehed plginteetated desnitifayrisptiontsempriangor ni ng t he

silicon k&}{ﬁﬂ% %ﬁaﬂl%ﬂpﬁ&?s AhASR FANANE&H:& g cal

vapor deposit
depositing a hard mask layer on the amorphous carbon layer at a

temperature less than about 450°C.

25. The method of Claim 24, wherein the hard mask layer is formed of
amorphous silicon or an oxide.

26. The method of Claim 25, wherein the oxide is silicon oxide.

27. The method of Claim 25 or 26, wherein the temperature is less than about
400°C.

28. The method of Claim 25 or 27, wherein depositing the hard mask layer
comprises performing a plasma enhanced chemical vapor deposition.

29. The method of Claim 27, further comprising depositing an other hard mask
layer on the hard mask layer, wherein the other hard mask layer is formed of amorphous
silicon or an oxide, wherein the amorphous silicon or the oxide is formed of a different

material from the hard mask layer.
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33. Apartially formed integrated circuit, conprising:

a substrate; a primary mask | ayer overlying the
weubstwede, the primary mask | ayer fornmed of aPautUS2i08/007739

different from photoresist; a |ower hard mask | ayer

overlying the primary mask | ayer; an upper hard mask

| ayeB0ov &hk ynatigpd ieClain@p, whaiein dpesiting tieastkemiir€ magk layer is

defining. a firs ttern in a first plane overlying

Pﬁﬁ‘éﬂf}ﬁ&ﬁgﬂesﬁﬂ}ﬁaaﬁrﬁ‘g%bger, the mask material different

f r omsphotige &8diild o 8EHiAR 30N hALRS (?]%miﬁngﬁ{eﬁ(gth ! hard pask layer is
t r hard mas

defining a second pattern over upp
pedgmred aBless e apauttdiofid.y fornmed integrated circuit of

d ai m, 33, wWherei .second pattern is disposed in a
seco!%' p LA én%@éf P&} Eﬁ’ﬂgmt ﬁ]e ‘ﬁ%"g?&n petifing thezgtherrjgrd mask layer
cOdpfided|tbynih ra'lﬁik%oh MR WieRln Gl fheggi(fgggé}é%] gﬁP%rises a plasma

wher ei n the mask material is surroun
eglomretbehemicah vapquldapesitiani ng materi al sel ectively

renmoyabl ¢ rel.ative to the nmask material, wherein the
phot gg‘ef ?‘r%lajfyrfﬁ’fné feg?aéerd%‘ﬂrcflﬁe"%‘ﬁgﬁ%‘ zi ng
material g s@strafghe partially formed integrated circuit

of Claim 35, whéerein the planarizing material is a
spi n- on arprimargfnegkt layer ovadying).thd Bubstiate, he tpriatary mask layer

forped integrate Lrcui.t of ai.m 33, wherein the

pri E%Wdﬁgg%ﬁ?%ﬂfgfi&*e e“ﬁﬁOHfRJPE%S%}% carbon | ayer. 38.

The part b &bwet HaR Bk i y@;-%gﬁ@%iﬁgﬂﬁip&ﬁﬁ% bl ng@ﬂ g’ 33,
mas

wherein the | ower hard ayer "i s formed
mat er i al a1 HApresharfdmossktliner gralypogtbe dovedrinmagk ddyesi | i con,

Fornea ROUFaPE bR il 5 G e e

uppBiirdhadsd 14786 hd A mh@rifIQhABEn O od pBh&sisRlanghosen
fromthe group consisting of silicon, siliconoxide and

si | i con Aiphpiodefinahirematenial Hefintag erscednd pattermgvethéae upper hard
uppglraslp%r L mask | ayer is different fromthe nmateri al
formng tHe | ower hard mask | ayer. 40. The partially

forned | TheghamibRyl feinfedUintegfitedChiddult SO ClaMAEI LI Whdr&i8 the second
mask_ material is chosen fromthe group consisting of

pafery #ciispossd in@sacaMirdeneaverlging heonaskimatend, wher ei n
e 58t ey b I O RRK TRLEH i gl o s

méterialThe spaotmdRll yy faaned conbeghathed lahfithidg HhatéhAl SWlectively
re?ri%val\al\lll; erglg{i\rz]e %ohgle mask material, wherein the photodefinable material is on the
planarizing material. |

36. The partially formed integrated circuit of Claim 35, wherein the
planarizing material is a spin-on anti-reflective coating.

37. The partially formed integrated circuit of Claim 33, wherein the primary
mask layer is an amorphous carbon layer.

38. The partially formed integrated circuit of Claim 33, wherein the lower hard
mask layer is formed of a material chosen from the group consisting of silicon, silicon
oxide and silicon nitride.

39.  The partially formed integrated circuit of Claim 38, wherein the upper hard

mask layer is formed of a material chosen from the group consisting of silicon, silicon
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phot odefi nable material is a photoresist conpatible

wth 13.7 nm 157 nm 193 run, 248 nmor 365 nm
woasliengsh systens, 193 nm wavel engt h i mmer si 8aT/US2006/007739

systens or electron beamlithographic systems. 42. The

partially formed integrated circuit of Caim33,
owideragidrsilidon misridel athleyeit themmterinl fgmadge thecuppetiibtrd Magk layer is
Vi C (¥\/nere| n features of

[ 1y f d
{}%’rtl ?Iio thﬁg‘%atrt%}% W’i‘%@ﬁ Viﬂer a2 s of a menory
arrayp, 43ne Hagiapgr fotdbd YntEQﬁt@E dcﬂcﬁ{te&f él5d rvgﬁgr&n%e mask

Claim42, wherein features of the seconci1 pat “er
me@p@nwm fyorfhglagt gnoes cmismltmglocf sxhloom; wsilicon mxaiemdlsnfwn witride,
w?leremhﬁlepn%tterllaell tlo}[m{n?grt & mask ma erl E dl%%elrre%lfl Ifrtorn the material forming
the upper hard mask layer.

41. The partially formed integrated circuit of Claim 33, wherein the
photodefinable material is a photoresist compatible with 13.7 nm, 157 nm, 193 nm, 248
nm or 365 nm wavelength systems, 193 nm wavelength immersion systems or electron
beam lithographic systems.

42.  The partially formed integrated circuit of Claim 33, wherein the partially
formed integrated circuit is a partially formed memory device, wherein features of the
first pattern correspond to features of a memory array.

43. The partially formed integrated circuit of Claim 42, wherein features of the

second pattern correspond to features of logic circuit in a periphery of the partially

formed integrated circuit.
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